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1  
Introduction and Goals 
Despite the early understanding of the concept of chirality (L. Pasteur, 1847),1 
chiral drugs were developed and used as racemates throughout the twentieth 
century, often on the assumption that only one stereoisomer (the eutomer) is 
pharmacologically active in relevant doses and that its counterpart (the dis-
tomer) is inactive as well as harmless. But with a growing capacity of stereo-
selective synthesis and improved resolution of enantiomeric pairs, this hypothe-
sis turned out to be false. For instance, both enantiomers of Promethazine 1 (a 
phenothiazine derivative possessing antihistaminic, sedative, and anti-motion-
sickness activity) and Flecainide 2 (former Tambocor®, antiarrhythmic) exhibit 
similar therapeutic properties while the eutomers of Dexchlorpheniramine 3 
(Polaramine®, antihistamine) and S-Propranolol (S)-4 ( -blocker) are a 200 and 
100 times, respectively, more active then their distomers. Even more, the dis-
tomer R-Propranolol (R)-4 found application as a contraceptivum. Also 
S-Ibuprofen (S)-5 (non-steroidal anti-inflammatory drug) and Levocetirizine  
(S)-6 (third generation non-sedative antihistamine) (eutomers) show improved 
activity over the distomer R-Ibuprofen (R)-5 and rac-Cetirizine (rac)-6 , but due 
to in vivo racemase activity enantioenriched approaches for these pharmaceuti-
cals is questionable. 
Thus, different stereoisomers may exhibit the same, less or adverse effects lead-
ing to different therapeutic applications or even result in harmful side effects. 
Also different pharmacodynamic and pharmacokinetic properties can be ob-
served. Moreover, the likelihood of side effects is diminished if single enantio-
meric compounds are used. R-fluoxetine (R)-7 , the pure isomer of Prozac (rac)-
7 , used in the treatment of depression shows an improved efficacy and mini-
mizes adverse effects, such as anxiety and sexual dysfunction. Thalidomide 
(rac)-8 (Softenon), sold from 1957 to 1962 as a racemate, is an unfortunate an-
ecdote with disastrous outcome expressing the importance of stereochemistry. 
One enantiomer (R)-8  works as antiemetic for pregnant women. Its other stereo-
isomer (S)-8 has teratogenic effects which lead to an immense catastrophe with 
over 10,000 deformations of foetuses and children. Noteworthy, to date Tha-
lidomide (R)-8 is still used as anti-inflammatory agent for leprosy but due to in 
vivo racemisation of Thalidomide the therapeutic use is of limited use. Also,  
Introduction and Goals 
  
2 
R-Penicillamine (R)-9 is highly toxic while S-Penicillamine (S)-9 is a known 
therapeutic agent for chronic arthritis. Due to the in vivo stability, racemisation 
does not occur facilitating its use as a drug. Quinine (3R,8S,9R)-10 is a known 
therapeutic against malaria while quinidine (3R,8R,9S)-10 found application as a 
class I anti-arrhythmic. In addition, S-aspartame (S,S)-11 has a sweet taste 
while its enantiomer (R,R)-11 tastes bitter, or Limonene 12 has a different odour 




















































































































Fig. 1 Chemical Structures and Pharmaceutical Properties of Chiral Compounds   
Today, the stereoselective synthesis of chiral organic compounds is of immense 
industrial interest. Depending on the literature used, worldwide sales of chiral 
drugs in single-enantiomer dosage forms continued growing at a more than 10-
13% annual rate to $ 80-133 billion in 2000.2 At a future growth rate the figure 
could hit $ 200 billion already in 2008.2c The recent trend in industry is to market 
the drugs in a single-enantiomeric form, and this for many considerations. A so 
called racemic switching , or the redevelopment of a known chiral drug into its 
single-enantiomeric form, is used to give new life to old drugs. A 50% increase of 
capacity can theoretically be achieved during its synthesis. As a result less waste 
will be produced yielding a substantial loss in economic and environmental costs. 
Frequently the marketed single enantiomers or scalemic mixtures have the same 
or very similar therapeutic indications as the originally marketed racemate which 
enables companies to market patented new drugs with a lower investment 
cost. The increased interest in chiral drugs and chiral building blocks is translated 
in academic research, leading to numerous publications over chiral resolution of 
racemates, studies over conformational and configurational stability and a grow-
ing interest in stereoselective synthesis.     
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Table 1. Benefits of Stereoselective Synthesis  
Opportunities for racemic switching
Increase of production capacity 
Decrease in waste (cost effective) 
Different pharmacokinetic and pharmacodynamic properties 
Decrease of 50% in effective dose/patient 
Less likelihood of side effects 
This is not the place to elaborate extensively the first two strategies mentioned, 
i.e. chiral resolution and configurational stability, as the asymmetric chemistry is 
used to introduce or preserve single-enantiomers during chemical transforma-
tions. Among the chemical stereoselective approaches, various domains encoun-
tering asymmetric (bio)catalysis, natural synthesis from a chiral pool, coupling 
with a chiral agent, are described in the literature. Because of the great impor-
tance of asymmetric synthesis sketched above, attempts will be made in this 
work to create new asymmetric pathways to biological interesting compounds 
starting from N-sulfinyl -halo imines (RS)-21.  
N-Sulfinyl imines 15-20, for convenience also called sulfinimines, are a special 
class of imines that display unique reactivity and stereoselectivity due to the 
presence of a chiral and electron-withdrawing sulfinyl group 13 (Fig. 2). Since 
their introduction, three decades ago,3 sulfinimines have played an important 
role in the asymmetric synthesis of a variety of structurally diverse nitrogen-
containing compounds. Noteworthy, in contrast with classical N-alkylated or  
N-arylated imines, sulfinimines do not have a fixed orientation at the imino bond 
at room temperature. In general, the largest group (RL) is found in an E-
orientation with respect to the sulfinyl group. The electron-withdrawing N-sulfinyl 
auxiliary activates the imino function for nucleophilic addition, allowing reactions 
to proceed at lower temperature. The sulfinyl group exerts a powerful stereodi-
recting effect, which results in the addition of enolates and organometallic re-
agents to both steric and enolizable sulfinimines with high and predictable 
asymmetric induction. Epimerization of the newly created carbon stereocenter in 
the sulfinamide product is inhibited because of the anion stabilizing effect of the 
sulfinyl group (i.e. the sulfinyl group as versatile amine protecting group). In 
contrast to aliphatic imines, aliphatic sulfinimines are stable and not particularly 
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susceptible to deprotonation or self-condensation. Moreover, unlike other imine 







R = t-Bu  14a









R, R1-3 = Alkyl, Aryl







































Fig. 2 Sulfinamide, N-Sulfinyl Imines and N-Sulfinyl -Halo Imines.  
Given the interest in, and synthetic potential of -halo imines in combination with 
the enhanced reactivity of N-sulfinyl imines reported by Davis and Ellman (see 
Chapter 1 for an overview), a more profound research of N-sulfinyl -halo imines 
is highly desirable, allowing further elaboration after reaction. Needless to state 
that the chemistry of such imines might differ substantially from classical  
-halo imines or unfunctionalized N-sulfinyl imines by virtue of other possible 
reactions, e.g. substitution, dehydrohalogenation, enhanced reactivity, etc
First the synthesis of N-tert-butanesulfinyl -halo imines (RS)-2 5 , a new poly-
functionalized nitrogen-containing building block, will be evaluated (Scheme 1) 
starting from tert-butanesulfinamide 14a. It may be interesting to evaluate the 
condensation of tert-butanesulfinamide (RS)-14a with ketones 22, prior to halo-
genation of the newly formed tert-butanesulfinimines (RS)-24 and in addition the 
condensation of halogenated ketones 23 with tert-butanesulfinamide (RS)-14a.  








































Scheme 1. Synthesis of N-tert-butanesulfinyl -Halo Imine (RS)-25.   
N-tert-Butanesulfinyl -halo imines 2 5 will be tested for their reactivity upon 
treatment with nucleophiles (Scheme 2). For example, the addition of nucleo-
philes across N-tert-butanesulfinyl -halo imines 2 5 could afford -halo N-tert-
butanesulfinamides 2 6 or the corresponding ring-closed N-tert-butanesulfinyl 
azaheterocycles 2 7 in a one-step procedure. Successive substitution of the  
nucleophile to azaheterocycle 2 7 can take place in certain cases affording , -
disubstituted N-tert-butanesulfinamides 33. Also substitution of the halogen 
atom or dehydrohalogenation, affording sulfinamide 2 8 or 2 9 , respectively, will 
be checked for. Starting from ketimines 2 5 (R = CH2R ) , -dehydro-
halogenation, prior to addition of the nucleophile can be used to synthesize chiral 
N-tert-butanesulfinyl 1-substituted cycloalkylamines 32.   

































































R = H, alkyl, aryl

























Scheme 2. Reactions of -Halo N-tert-Butanesulfinimine 2 5  with Nucleophiles.  
Throughout this work the reactivity of N-tert-butanesulfinyl -halo imines 19,20, 
obtained via condensation of N-tert-butanesulfinamide 14a with -halo ketones 
or -halo aldehydes, or after halogenation of N-tert-butanesulfinimines 1 5 ,16, 
will be investigated in detail.  
Upon reduction reactions with hydrides of N-tert-butanesulfinyl -halo ketimines 
2 0 , the stereoselective synthesis of N-tert-butylsulfinyl aziridines 3 5 will be 
evaluated (Scheme 3). If possible, intermediate -halo N-tert-butanesulfinamides 
3 4  will be isolated, allowing further N-sulfinyl deprotection or further transforma-
tion to the corresponding N-tert-butylsulfinyl aziridines 3 5 . It will be evaluated if 
both C-2 epimers of N-tert-butylsulfinyl aziridines 3 5 can be synthesized sepa-
rately by use of different reagents and the absolute configuration will be checked 
for.   

























































X = Cl, Br  
Scheme 3. Reaction of N-tert-Butanesulfinyl -Halo Ketimines 2 0 with Hydride 
Reagents.  
After optimization of the reaction conditions for the hydride reduction with race-
mic N-tert-butanesulfinyl -halo ketimines (rac)-2 0 , a limited set of reagents, 
affording the desired heterocycles with good result, will be applied to single-
enantiomeric N-tert-butanesulfinyl -halo ketimines (RS)-2 0 (Scheme 4). Chiral 
N-tert-butylsulfinyl aziridines (RS,R)-3 5 or (RS,S)-3 5 obtained after hydride re-
duction will then be deprotected to the enantiopure aziridinium chloride salts (R)-



















































Scheme 4. Synthesis of Unichiral Aziridinium Salts (R)-3 7 or (S)-3 7 via Hydride 
Reduction of Ketimines (RS)-2 0 . 
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Unichiral aziridinium chloride salts (R)-3 7 or (S)-3 7 can also be obtained, after 
N-sulfinyl deprotection of the corresponding N-tert-butylsulfinyl aziridines (RS,R)-
3 5 or (RS,S)-3 5 , synthesized via addition reaction of organometallic nucleophiles 
(RLi, RMgX, ) to single-enantiomeric N-tert-butanesulfinyl -halo aldimines (RS)-
19 (Scheme 5). Stipulation that the reaction conditions will be optimized for the 
racemic N-tert-butanesulfinyl -halo aldimines (rac)-19, affording N-tert-
butylsulfinyl aziridines 3 5 or the intermediate -halo N-tert-butanesulfinamides 
3 4 , change of substrate to single-enantiomeric N-tert-butanesulfinyl -halo aldi-
mines (RS)-19 would afford unichiral aziridines (RS,R)-35 or (RS,S)-3 5 in a sim-
































































R1,R2,R3 = Alkyl, Aryl
X = Halogen
M = Metal ion  
Scheme 5 Synthesis of Aziridinium Salts (R)-3 7 or (S)-3 7 Starting from  
Aldimines (RS)-19.  
Addition of carbanion nucleophiles to N-tert-butanesulfinyl -halo ketimines 2 0 
could afford N-tert-butylsulfinyl aziridines 3 9 , after addition of the nucleophile 
across the imino function and subsequent ring closure of the formed -halo  
N-tert-butanesulfinamides 3 8 (Scheme 6). However, 1,3-dehydrohalogenation 
prior to addition of the nucleophile would yield N-tert-butanesulfinyl 1-
substituted cyclopropylamines 42, after attack of a second equivalent of nucleo-
phile. Again, the reaction will be optimized and tested for its generality on race-
mic N-tert-butanesulfinyl -halo ketimines 2 0 , before extrapolating this strategy 
in the synthesis of single-enantiomeric heterocycles.  































































R1, R2, .., R6  = Alkyl, Aryl
X = Halogen  
Scheme 6. Addition of Carbanion Nucleophiles across -Halo Ketimines 2 0 .  
All the methods presented in this work involve the use of a new and promising 
class of starting materials, i.e. N-tert-butanesulfinyl -halo imines (RS)-19,2 0 , as 
synthons for various applications. The aim of this PhD thesis is to acquire a  
profound insight in the synthesis and reactivity of these substrates and to offer a 
new and versatile set of synthetic tools for the preparation of different classes of 
(novel) nitrogen containing compounds, which are structurally related to other 




Chapter 1. Literature Overview on the Synthesis    
and Reactivity of N-Sulfinyl Imines 
The aim of this literature overview is to give a general picture of the relevant  
literature concerning the synthesis of sulfinimines, involving both the synthesis of 
sulfinamides and sulfinimines, followed by an output of the different strategies 
used to synthesize unichiral heterocycles, among other chiral compounds,  
starting from enantiopure sulfinimines. Regio- and stereochemical preferences of 
the sulfinyl imines in the ground state and during the reaction will be explained. 
A more comprehensive literature overview of the target compounds related to 
this work is added in the separate sections of the results and discussion, if 
needed. It is considered that a short introduction to the concept of chirality, and 
more specified its historical context should be mentioned for convenience.   
1. A Brief Introduction To Chirality  
This is not the place to elaborate broadly on the history of stereochemistry. The 
following is just a small overview from two areas, remembering that history is 
the key to understanding the present.   
1.1. The Concept of Chirality4  
A documented explanation on the concept of chirality was made by Immanuel 
Kant already in 1768: What can be more similar to my hand or my ear and 
more equal to it in all of its parts than its image in the mirror? And yet such a 
hand as is seen in the mirror cannot take place of the original; for if the original 
was a right hand the hand in the mirror is a left one and the image of the right 
ear is a left ear which could never take the place of the original .  
Kant had previously named the mirror image of a body its incongruentes  
Gegenstück which is its incongruent counterpart. He continues: Despite their 
mutual equality and similarity left and right hands can nevertheless not be en-
compassed within the same boundaries (or they cannot be rendered congruent); 




The answer was given by the mathematician and astronomer Möbius in 1827, 
who documented that a reflection in a mirror can be considered a rotation in a 
space one dimension higher. Consider for example the following dotted lines in 
one-dimensional space with a mirror point ( m ) in between: - -   m - - . 
These two lines are enantiomorphs in one-dimensional space but are intercon-
vertible via a 180° turn in two-dimensional space. Chirality is thus not an intrin-
sic but extrinsic property. 
Likewise, the two-dimensional triangles in Figure 3 are interconvertible through 
rotation over 180° in three-dimensional space around an axis in the plane.   
m
Fig. 3 Enantiomorphous Triangles in Two-Dimensional Space (m  = mirror line)  
This conclusion was also referred to in 1921 by Wittgenstein: The Kantian  
problem of the right and left hand which cannot be made to cover one another 
already exist in the plane, and even in one-dimensional space; where the two 
congruent figures - -  and  - - cannot be made to cover one another without 
moving them out of this space .  
The right and left hand are in fact fully congruent. And the fact that they cannot 
be made to cover each other has nothing to do with it. A-right-hand glove could 
be put on a left hand if it could be turned around in four-dimensional space. 
Our hands are certainly the handiest objects to refer to whilst speaking about 
chirality. Hence, handedness has become a common expression in chemistry. 
However, the term chiral (from the Greek word cheir, hand) was coined by Lord 
Kelvin. The original term was cheiral which is a better transliteration of the Greek 
word, but Kelvin dropped the e for handiness. He wrote in 1904: I call any geo-
metrical figure, or group of points, chiral, and say that it has chirality, if its  





From the above it should be obvious that chirality is also dependent on the 
measuring size. The left and right hands are evidently enantiomorphs on the 
macroscopic scale but on the molecular level they are not, given that, for exam-
ple the DNA-molecules are of equal helicity in both hands. Taking this one step 
further into microcosm it is found that particles and anti-particles show opposite 
helicity. As a result the mirror image of an electron is a positron (anti-electron) 
and atoms are consequently intrinsically chiral. The true enantiomer to L-alanine 
is subsequently D-alanine composed of anti-matter. If a chemist thinks about 
two enantiomers as energetically identical, it is not true on the quantum  
mechanical level. They are rather diastereomeric. Yet, the energy difference is so 
small that from a chemist point of view it is meaningless to take the difference 
into account. Louis Pasteur s statement in 1874: L univers est dissymétrique , 
the universe is dissymmetric, turned out to be astonishingly true!  
1.2. The History of Stereochemistry2 c,4  
Organic Chemistry manuals are often quite unaware when it comes to history. 
Pasteur s finding of molecular enantiomerism for instance, is often torn out from 
the historical context. Referring that little was done between Biot s discovery of 
optical activity in 1815 and Pasteur s discovery in 1847, is an offensive generali-
zation. To give a single individual this attention surely has its merit from peda-
gogical point of view, but serves to enforce the doubtful view that science is 
brought forward in giant steps by little intellectual giants. Unquestionably, there 
are scientific giants. It should be considered, though, that much research was 
performed by their precessors to make breakthroughs likely.  
Coming back to stereochemistry we note that Biot s predecessors were Malus 
and Arago.2c Their research gave Biot the possibility to discover the rotation of 
the plane polarization of monochromatic light by a quartz crystal and the disper-
sion of that rotation with respect to the wavelength of the light. Moreover, Biot 
found that some quartz crystals rotated the light to the right and some to the 
left.5 Knowing Haüy s findings that quartz crystals could be separated in two  
enantiomorphous types, Herchel found in 1822 that the respective enantio-




this short episode it is obvious that the creation of scientific knowledge is not a 
private matter.  
The discovery in 1815 by Biot that terpentenes [sic]6 and sucrose solutions 
showed optical activity, directed to the conclusion that optical activity is a pro-
perty of submicroscopic particles as well as macroscopic crystal structures. In 
addition, Fresnel recognized already in 1824 that polarized light was made of su-
perimposed left and right circularly polarized light: There are certain refracting 
media, such as quartz in the direction of its axis, turpentine, essence of lemon, 
etc., which have the property of not transmitting with the same velocity circular 
vibrations from right to left and those from left to right. This may result from a 
strange constitution of the refracting medium or of its molecules, which produces 
a dissimilarity between the directions left-to-right and right-to-left; such, for in-
stance, would be a helicoidal arrangement of the molecules of the medium, 
which would present inverse properties according as these helices were dextro-
gyrate or laevogyrate. It is appropriate to mention that essential concepts such 
as atom and molecule were not well developed at the time.  
Biot found in 1836 that the chemically equivalent natural products tartaric acid 
(enantiomerically pure) and racemic acid (racemic tartaric acid, from lat. Race-
mus, a bunch of grapes) showed different optical activity. Later it was found by 
Mitscherlich that the sodium ammonium salts of the two acids were equivalent in 
all physical respects, except for the optical activity which was not present in the 
racemic acid. Unfortunately he missed to see that the crystals were hemihedral, 
that is, the macroscopic shape of the crystals was chiral. Pasteur, on the other 
hand realized this. He also noted that the racemic acid was composed of both 
right and left hemihedral crystals, while tartaric acid crystals were of single 
hemihedral form. All the rest is considered as history, except for two exciting ob-
servations on this discovery. To start with, be aware that the sodium ammonium 
salt of the racemate crystallizes as a conglomerate. A conglomerate is made of 
enantiomerically pure crystals, but these are not often hemihedral. A prerequisite 
for a manual resolution of crystal separation is the occurrence of hemihedral (en-
antiomorphous) crystals. 
Second, notice that the sodium ammonium salt crystallizes as a conglomerate 
below 26 °C, while a racemic crystal is produced between 26 and 35 °C. Pasteur 
was fortunate enough to perform his research in Paris in the late spring of 1848, 




To close with, it is appropriate to cite Pasteur himself: In the fields of observa-
tion, chance favours only minds which have been prepared.  
1.3. Terminology of Chira l Substances  
Despite the fact that molecular enantiomerism is discovered many decades ago 
the terminology relevant for this discussion still lacks uniformity. Specifically, the 
definition and usage of these important terms need to be clarified. Chiral was 
defined as if and only if it is not superposable on its mirror image; otherwise it 
is achiral (vide supra). Thus, chirality refers to a spatial property of objects, an 
extrinsic property of objects, including molecules, and it does not refer to the 
stereochem ical com posit ion of bulk m aterial, i.e. drugs, substances, m olecules, 
etc. Therefore, chiral molecule does not tell whether a drug is racemic, single-
enantiomeric, or some other mixture of the stereoisomers. Enantiomeric, in con-
trast, tells more over the connectivity of a certain stereogenic centre and is thus 
an intrinsic property. It is defined in relation to other compounds and therefore 
tells more over the racemic, scalemic or single enantiomeric presence of a chiral 
molecule.  
There is however a great and obvious need for a convenient term to refer to 
chiral substances that are composed of only one of the two enantiomers. Numer-
ous terms for this purpose have been introduced over many years, but the issue 
remains complex and largely unresolved. Therefore the term unichiral, intro-
duced recently in the relevant literature,2c will be used to refer to specify the 
stereochemical composition of a chiral compound consisting of a single-
enantiomer.  
2. Syntheses of N -Sulfinyl Imines  
To best elaborate upon the role of the alkyl- or aryl sulfinyl moiety as auxiliary, 
diverse methods for the preparation of unichiral sulfinyl compounds, including 
sulfinamides or sulfinimines have been developed. The straightforward one is the 
direct condensation of sulfinamides with aldehydes or ketones, among the  
several methods to synthesize chiral sulfinimines. Therefore, different methods 
to obtain unichiral sulfinamides will be covered first. More specifically, the resolu-




and the stereoselective synthesis of unichiral aryl and alkyl sulfinamides are en-
closed.  
2.1. Resolution of Chiral Sulfinamides  
Resolution of racemic sulfinamide (rac)-14, synthesized in high yields on large 
scale via three different procedures will be specified (Scheme 7). Oxidation of 
symmetric disulfides 4 4 with meta-chloroperoxybenzoic acid (m -CPBA) followed 
by addition of sulfuryl chloride gave the racemic sulfinyl chloride using a 
Prinzbach-type procedure.7 The latter sulfinyl chloride reacted with NH4OH yield-
ing sulfinamide (rac)-14 in 21% overall yield (R = t -Bu).8 Treatment of sodium 
sulfinate 4 5 with oxalyl chloride, followed by ammonolysis yielded sulfinamides 
14 (56-59%, R = Ph, p-Tol).9 Reduction of sulfonyl chloride 4 6 with P(OMe)3 in 
EtOH gave the respective sulfinate ethyl ester.10 Displacement of alkoxide with 
lithium hexamethyldisilazide (LiHMDS), followed by desylilation afforded sulfina-
mides in 21-55% overall yield (R = Ar).9 
Unfortunately, attempts to resolve (rac)-14 with inexpensive chiral acids (cam-
phorsulfonic, tartaric, mandelic and malic acid) were unsuccessful.11 Kinetic reso-
lution methods, such as the oxidation of racemic sulfinamides as precedented by 
related resolutions of sulfoxides,10 or enzymatic resolution, such as the selective 
hydrolase-catalysed acylation of the sulfinamide (rac)-14,11 were only briefly ex-
plored and were quickly abandoned, since at least half of the material would nec-
essarily be discarded. Acylation of sulfinamides (rac)-14 prior to subsequent 
treatment with subt ilisin E resulted in the selective hydrolase-catalysed hydroly-
sis of N-acyl sulfinamide (RS)-4 9 to sulfinamide (RS)-14 (>95%). Its enantiomer 

























































































(SS)-49 <43%, >95% ee




Scheme 7. Resolution of Sulfinamides (rac)-14.  
Closely related to this approach is the dynamic resolution of tert-butanesulfinyl 
chloride, an intermediate in the synthesis of sulfinamide (rac)-14, to its sulfinate 
ester (SS)-51. The enantiomerically enriched sulfinates were obtained in excel-
lent yields (99%) through catalytic enantioselective sulfinyl transfer (79% ee) 
with an alcohol in the presence of an octapeptide13a or cinchona alkaloid13b cata-
lyst. Addition of sulfinyl chloride (rac)-50 to diacetonyl-D-furroglucose afforded 
74-100% of the enantioenriched (72-96% ee) sulfinate ester (Scheme 8).14  
Dynamic resolution was also used for all-carbon tethered solid support synthesis 
of sulfinamides.15 Reaction of sulfinyl chloride (rac)-50b with a chiral amino  
alcohol, N-deprotection of the formed N-alkyl sulfinamide (RS)-52a and  
subsequent Suzuki coupling yielded 76% of the (S)-enantiomer (SS)-14 (Scheme 

















































Scheme 8. Resolution of Sulfinyl Chlorides (rac)-50. 
2.2. Syntheses of Enantiopure Sulfinamides  
Even though unichiral sulfinamides are easily accessible via resolution tech-
niques, more convenient methods for the stereoselective synthesis of both aryl 
and alkyl sulfinamides were developed. The fastest synthesis of unichiral sulfi-
namides proceeds via the menthyl sulfinate 51a (Andersen s reagent).16 Nucleo-
philic displacement of menthol at chiral sulfur with LiHMDS leads to enatiopure 
sulfinamide (SS)-14b (Scheme 9).17 However, preparation of Andersen s reagent 
relies on the crystallization of diastereomers epimeric at sulfur, and only p-
toluenesulfinate esters and close analogues efficiently crystallize as the menthyl 
derivative.16,18 Thus, this route is limited to p-toluenesulfinamide (SS)-14b and 
















An enzymatic approach for the oxidation of tert-butyl disulfide 4 4 a , catalysed by 
cyclohexanone monooxygenase, is reported.19 The corresponding thiosulfinate 
(RS)-53a was formed over longer periods of time in 90% yield and 97% ee. A 
more convenient synthesis of unichiral tert-butanesulfinamide (RS)-14a is de-
scribed in a two-step procedure starting from tert-butyl disulfide 4 4 a in 75% 
overall yield. The key step is the asymmetric catalytic oxidation of tert-butyl di-
sulfide to thiosulfinate (RS)-53a with VO(acac)2, in the presence of H2O2 and a 
chiral -amino alcohol ligand 5 4 a .8 Subsequent stereospecific addition of LiNH2 to 
the enantioenriched thiosulfinate 53a afforded tert-butanesulfinamide (RS)-14a. 
In an improved procedure the tert-butyl glycinol-derived ligand 5 4 a was re-
placed by a cis 1-amino-indan-2-ol-derived compound 5 4 b to facilitate scalability 
problems of the previous method described.20  
44a
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Scheme 10. Unichiral tert-Butanesulfinamide (SS)-14a Synthesis via Biocatalysis 
and Asymmetric Catalysis.  
Via a third stereoselective method, a variety of unichiral sulfinamides 14 were 
synthesized via a double displacement reaction of a chiral auxiliary derived from 
a -amino alcohol (Scheme 11).21 Unichiral endo-1,2,3-oxathiazolidine-2-oxide 
5 5 or exo-5 5 were synthesized from chiral N-sulfonyl amino alcohol derivatives 
5 7 and thionyl chloride by virtue of different bases and temperatures used. Ste-




quent displacement of the S-O bond with a nitrogen nucleophile afforded alkyl 
and aryl sulfinamides 14 in high yields (>70%) and with >99% enantiomeric 
excess. The chiral auxiliary was regenerated. Depending on the conditions used, 





























































Scheme 11. Stereoselective Synthesis of Unichiral Sulfinamide (RS)- and (SS)-14. 
2.3. Sulfinimine Synthesis via Condensation Reac-
tions   
The sulfinimines were synthesized via a simple condensation reaction of chiral 
sulfinamides 14 with aldehydes or ketones (Scheme 12). However, the lower 
nucleophilicity of the nitrogen in sulfinamides as compared to amines had to be 
anticipated. Therefore, the Lewis acids used in the condensation reactions de-
scribed, developed from MgSO4,8,22 CsF,23 CuSO422 and 4Å molecular sieves17 to 
Ti(OEt)4.22,24 Other dehydratating reagents, such as CsCO3,25 Yb(OTf)326 were 
mentioned but did not show beneficial characteristics over the other procedures. 
Also, the condensation of sulfinamide 14a with orthoesters was described to pro-







































Scheme 12. Condensation of Sulfinamides 14 with Carbonyl Compounds or  
Orthoesters.  
2.4. Sulfinimine Synthesis: Miscellaneous   
In a closely related strategy enantiopure aryl p-toluenesulfinyl aldimines (SS)-17 
and p-toluenesulfinyl ketimines (SS)-18 were obtained via asymmetric iminolysis 
of sulfinate 51a (Andersen s reagent). Reaction of metal ketimines 61 with An-
dersen reagent (RS,1R,2S,5R)-51a afforded sulfinimines (SS)-18 in modest yield 
(<70%). Ketimines 61 were obtained from nitriles 59 by treatment with organo-
lithium or Grignard reagents.23 The synthesis of both aryl and alkyl N-p-
toluenesulfinyl aldimines (SS)-17 are described by reaction of metal ketimines 
60, formed via DIBAL-reduction of a nitrile and activation with MeLi.29  
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Enantiopure sulfinyl moieties were synthesized, in both enantiomeric forms, via 
oxidation of the corresponding N-sulfenyl imines 6 2 . Both the oxidation through 
addition of a chiral oxidant, such as (+)- or (-)-N-(phenylsulfonyl)-3,3-
dichlorocamphoryloxaziridine,30 to an achiral sulfenimine 6 2 and via the oxida-
tion of a chiral camphor-derived sulfenimine 6 2 with an achiral oxidant, such as 
m -CPBA has been described.31 Since both chiral oxidants and enantiopure sulfen-
imines are rather complex, this methodology found its application in the devel-
opment of the synthesis of enantiopure sulfinimines 18 but was of limited syn-










































62 R = achiral  
Scheme 14. Sulfinimine Synthesis via Oxidation of N-Sulfenyl Imines. 
3. Reactivity of N -Sulfinyl Imines  
Sulfinimines are excellent Michael acceptors due to the presence of the strong 
electron-withdrawing N-sulfinyl moiety. Sulfinimines react with a variety of re-
ducing agents and nucleophiles, such as oxygen, nitrogen, sulfur, carbon or 
phosphorous containing nucleophiles, mostly via a 1,2-addition. An overview of 
hydride reductions, (1,2-)addition reactions with carbon nucleophiles and some 




3.1. Hydride Reductions  
The stereoselective reduction of sulfinimines derived from ketones is a straight-
forward strategy for the preparation of optically active amines 6 5 . A number of 
reducing agents such as NaBH4, LiBH4, Na(OAc)3BH, Na(CN)BH3, DIBAL, LiAlH4, 
Li(OR)AlH3, 9-BBN and BH3-THF with phthalic acid, were used under mild condi-
tions allowing the chemoselective 1,2-reduction of both aromatic, aliphatic,  
enolizable and , -unsaturated imines.32,33,34 Low diastereoselectivities were  









R = t-Bu 63
R = t-Bu 64 65
[reducing 
agent] [HCl]
R = t-Bu 16
R = t-Bu 18
Scheme 15. The Stereoselective Reduction of Sulfinimines 1 6 ,18 with Hydrides.  
N-Sulfinyl ketimines containing groups attached to the imino carbon, similar in 
size, generally exist as a mixture of inseparable E/Z isomers because of the low 
syn/anti inversion barrier at nitrogen (ca. 50-70 kJ/mol).3,36 This may account for 
the low dr s observed for some reduction reactions. Recently it has been  
described by Colyer et al. that N-tert-butanesulfinyl ketimines (RS)-16 can be 
reduced with metal hydride reagents to provide either product stereoisomer  
selectively in a predictable manner.37 Reduction of N-tert-butanesulfinyl ketimi-
nes (RS)-16 with NaBH4 in wet THF afforded (RS,R)-63 in good yield and stereo-
selectivety, while its C-epimer was formed in slightly better yields by treatment 





















Unichiral N-tert-butanesulfinyl amino alcohols syn-6 8 and anti-6 8 were synthe-
sized with good result (>69% yield; >95:5% ee) via stereoselective reduction of 










































Scheme 17. Stereoselective Reduction of N-tert-Butanesulfinyl -Hydroxy Imines 
6 6 with Hydrides.  
3.2. Additions across Sulfinimines:    
Carbon Nucleophiles 
3 . 2 . 1 O r g a n o m e t a l l i c R e a g e n t s  
Reaction of organometallic reagents, such as organolithium and Grignard  
reagents, with sulfinimines 15-18 afford chiral sulfinamides 71,72 in high yields 
and excellent stereoselectivity.22a,32,39 Subsequently, the sulfinyl group was read-
ily cleaved by brief treatment with acid, thus providing a very general approach 
for the asymmetric synthesis of a broad range of amine-containing compounds 
7 3 (Scheme 17).32,39 Occasionally, Lewis acids were added to improve both the 
yield and/or stereoselectivity of the addition reaction.40 It has been proposed 
that the addition reaction proceeds via a six-membered ring transition state 70, 
with the metal cation coordinated to the oxygen atom of the sulfinyl group and 
the Lewis acid (e.g. AlMe3) coordinated to the nitrogen lone pair. In this transi-
tion state, the bulky R-group occupies the less hindered equatorial position re-





























R = t-Bu 71
R = t-Bu 72
Scheme 18. Stereoselective Addition Reaction of Carbon Nucleophiles across N-
Sulfinyl Imines.  
The formation of this cyclic transition state can be effected by the solvent inter-
action,39e the metal counter ion used,39d,f,40b,d or by the Lewis acids added. Also, 
stereogenic centers present in the molecule facilitate the disrupture of the cyclic 
transition state.39j Thus, an altered facial attack, proceeding via the open Felkin-






































Scheme 19. Intermediate Transition States upon Addition of Carbon Nucleophiles 
across N-tert-Butanesulfinyl Aldimines (RS)-15.  
Generally, Grignard reagents have shown better selectivity as compared to  
organolithium reagents (vide infra).39,40 Ellman and coworkers demonstrated the 
overall differences between the tert-butanesulfinyl and the p-toluenesulfinyl 
groups. Interestingly, tert-butanesulfinamide proved more nucleophilic than  
p-toluenesulfinamide for the direct condensation with aldehydes and ketones. It 
was also more stereo- and regioselective upon nucleophilic attack, because of 
the increased steric hindrance and electron-donating properties of the tert-butyl 




Generally, allylations of ketimines are preferred over the addition of other  
alkenyl, alkyl or aryl carbanions, due to its nucleophilicity.41 The same high levels 
of diastereocontrol have been described for AllylMgCl additions to N-sulfinyl 
ketimines 1 6 ,18.22,42 The face selectivity for allyl additions to ketimines 1 6 ,18, 
proposed by Hua et al., is explained via a modified six-membered ring transition 




















Scheme 20. Proposed Transition State in the Reaction of AllylMgX with N-Sulfinyl 
Imine (RS)-1 6 ,18.  
However, treatment of N-p- toluenesulfinyl aldimines 17 (R = p-Tol) with  
organometallic reagents other than AllylMgCl, has been described to proceed in 
modest yield.43 Even more, in the absence of CuI, the nucleophile (e.g.  
n-BuMgBr) will partially attack the sulfinyl sulfur atom yielding sulfoxides 7 6 as 



















A) 0 equiv. CuI










-15°C, THF  
Scheme 21. Addition of n-BuMgBr across N-p-Toluenesulfinyl Imine (RS)-17a .  
It has also been reported that the stereochemical outcome of the 1,2-addition 
reaction was altered if an extra functional group, containing a nitrogen or oxygen 
atom, was incorporated in - or -position of the imino function (Scheme 
22).40a,e,45 By a vigilant choice of the Lewis acid additives used or by the O-


























































































81 70c  
Scheme 22. Switchover of Stereoselectivity upon Addition of Grignard Reagents 
across -Functionalized Sulfinimines (RS)-77a ,b vs. Unfunctionalized Sulfinimines 
(RS)-15a,b.  
Besides the commonly described organolithium and organomagnesium nucleo-
philes, other Barbier-type nucleophiles have been reported. Carbanion addition 
reactions were mediated by Al47 and Zn,39i,40f,48 or via cross-coupling reaction with 
Rh49 or Sm.50 Noteworthy, addition of organocuprates to , -unsaturated  
N-sulfinyl imines 82a have been reported to proceed in high yield and stereo-


























83(RS)-82 (RS)-16  
Scheme 23. 1,4-Addition Reaction of Organocuprates to , -Unsaturated N-tert-
Butanesulfinyl Ketimines 82a. 
3 . 2 . 2 A z a e n o l a t e   
None of the most prevalent routes for asymmetric -amino acid derivative syn-
thesis [(i) enolate additions across imine derivatives (eq 1);52a,53a,54 (ii) conjugate 
additions of amine equivalents to acrylate derivatives (eq 2);55,56 (iii) hydrogena-
tions of amino acrylates (eq 3);53 (iv) Arndt-Eistert homologations of -amino 
acids (eq 4)52,55] provide general access to a broad range of -substituted, , - 
and , -disubstituted, , , - and , , - trisubstituted, and , , , - tetra-




















































85 R2, R3 = H
P = Ac; R = Me 
Scheme 24. Most Prevalent Routes for Asymmetric -Amino Acid Derivative Syn-
thesis.  
However, a -amino acid derivative synthesis via asymmetric Mannich reactions 
with N-sulfinyl imines 15-18 provides a unique opportunity for the direct and  
selective introduction of substituents at both the - and -positions through 
choice of the aldimine/ketimine electrophile used or the substituted enolate  































Scheme 25. Asymmetric -Amino Acid Derivative Synthesis starting from  
N-Sulfinyl Imines.  
Addition of metalloenolates to chiral N-sulfinyl aldimines affords -amino esters 
in high yield and stereoselectivity.32,57 For example, addition of the sodium 
enolate of methyl acetate to N-(benzylidene)-p- toluenesulfinamide (SS)-17a  
resulted in (SS,R)-85a (84% yield and >97% de).58 Later on, the Davis group 
found that use of an excess of enolate gave rise to the -amino- -keto ester 
(SS,R)-9 1 a in 93% yield and >97 de.59 Even more, the latter compound was  
directly obtained in 89% yield and >97% de by treatment of (SS)-17a with 5 





























89%; >97% de  
Scheme 26. Asymmetric Mannich Reactions with N-p-Toluenesulfinyl imine 17a .  
-Amino- -keto esters 9 1 and -amino esters 85 are examples of N-sulfinyl 
imine derived, poly-functionalized, chiral building blocks and, as such have found 
various applications in the asymmetric synthesis of bioactive polysubstituted 



















































Fig. 4 Use of -Amino- -keto Esters 9 1  as a Polyfunctional Building Block.  
Reversal of diastereoselectivity, during the enolate addition across  
O- functionalized N-sulfinyl imines 77c, was realized as well.46,51a The use of the 
potassium enolate in THF in the presence of HMPA gave (SS,S)-85b as the major 
diastereomer (71% yield; 96:4 dr), while the titanium enolate in diethyl ether 
afforded (SS,R)-85b in 89% yield and 96:4 diastereomeric ratio. The reversal of 
the diastereoselectivity was explained by chelation of the metal cation with the 























































Scheme 27. Switchover of Stereoselectivity during the Asymmetric Enolate Addi-
tion Reaction across O-Functionalized N-Sulfinyl Imines 77c.  
Beside the -amino acid derivative synthesis,57,58,61 the Mannich reaction was  




(SS,R)-1 0 1 ,63 -amino carboxylic amides (SS,R)-1 0 3 ,64 -amino Weinreb amides 




























































Scheme 28. Use of the Asymmetric Mannich Reaction on N-Sulfinyl Imines in the 
Synthesis of -Amino Carbonyl Compounds.  
Closely related to the Mannich reaction is the aza-Darzens asymmetric synthesis 
of aziridine-2-carboxylate esters 106 and 1 0 7 , mainly explored by Davis et al.67a 
Reaction of N-p- toluenesulfinyl aldimines (SS)-17 with -bromo enolates readily 
afford substituted N-sulfinyl aziridine-2-carboxylate esters 1 0 6 in up to 85% 
yield and in >90:10 de.67 Both cis and trans substituted N-sulfinyl aziridines-2-































































Scheme 29. Synthesis of N-sulfinyl Aziridine 2-Carboxylate Esters 106 ,10 7 via 
the Asymmetric Aza-Darzens Reaction.  
Enantiopure N-sulfinyl imines have also been found to be efficient as chiral imine 
equivalents in Reformatsky-type additions (Scheme 30). Soloshonok et al. have 
found high chemical and stereochemical yields with usual Reformatsky reagents 
as well as the difluoro analogues, making this method an efficient way to prepare  


































R' = t-Bu     (RS)-15
R' = p-Tol    (SS)-17
R' = t-Bu     (RS,R)-85c
51-82% (80:20-95:5)
R' = p-Tol   (SS,S)-85d
59-85% (86:14-99:1)  
Scheme 30. Use of Reformatsky-type Addition Reactions with N-Sulfinimines 15.  
The asymmetric Baylis-Hillman reaction of N-sulfinyl imines with methyl acrylate 
has been developed.69 Later it was reported that better yields could be obtained 




























3 . 2 . 3 Cy a n i d e  
Diastereoselective addition of cyanide across N-sulfinyl imines 15-18 is an  
important extension of the Strecker -amino acid synthesis. The highest  
diastereoselectivity was observed by Davis and coworkers using a combination of 
Et2AlCN/i-PrOH for the nucleophilic addition. The -amino nitrile intermediate, 
upon treatment with acids such as HCl, underwent deprotection of the N-sulfinyl 
group and hydrolysis of the nitrile, giving rise to -amino acids 8 8  (P = H).71 This 





































































Scheme 32. Synthesis of -Amino Acids Starting from N-Sulfinyl Imines 15,17.  
The N-sulfinyl imine-mediated asymmetric Strecker synthesis has also been  























Scheme 33. Synthesis of -Alkyl -Amino Acids Starting from N-Sulfinimines 18.  
The synthesis of - functionalized -amino acid derivatives was reported to pro-




or -amino aldehydes, cyanide-addition afforded, after acidic workup, chiral  
- fluoro,74 -hydroxyl,75 or amino -amino acids (vide infra).  
NS
X = F       (SS,2R)-77d










(SS,2R,3R)-108a 78% (96% de)






X = F       (SS,2S)-77d










(SS,2R,3S)-108a 98% (96% de)





Scheme 34. Synthesis of -Functionalized -Amino Acids from Sulfinimines 17.  
Unlike previous reactions with a coordinating group in -position of the imino 
function, the stereoselectivity was exclusively determined by the N-sulfinyl 
group.74,75 By means of the N-sulfinyl imine-mediated asymmetric Strecker reac-
tion chiral compounds, such as diaminopimelic acids 1 1 4 , proline and pipecolic 
acid derivatives 116, and -phenylserine 119 were synthesized in high yields 




















































































Scheme 35. Synthesis of Functionalized -Amino Acids Starting from Sulfinimi-
nes.  
An alternative approach, using TMSCN in the presence of a Lewis acid under mild 
conditions was applied in the reaction with enolizable N-sulfinyl imines 1 5 .77 By 
vigilant choice of the Lewis acid used, both diastereomers could be obtained.77b 










N (SS,2R,3S)-108d 99% (92% de)


























RS = CH2R'  
Scheme 36. Synthesis of -Amino Nitriles using TMSCN. 
3 . 2 . 4 - H e t e r o a t o m - St a b i l i z e d Ca r b a n i o n s  
The seminal work of Corey78 on the formation of dimethyloxosulfonium methylide 
and dimethylsulfonium methylide as methylene transfer reagents has found  
extensive use in the asymmetric, N-sulfinyl imine-mediated aziridine synthesis 
(Scheme 37).79 The reaction of dimethylsulfonium methylide with a range of 
aromatic, heterocyclic and aliphatic N-sulfinyl imines has been described. Reac-
tion of dimethyloxosulfonium methylide with sulfinimine (SS)-17 has been de-
scribed to proceed via a betainic intermediate.79c After that the weakest metal-




sulfur giving rise to a pentacoordinated species. All aziridines 120a were formed 















































Scheme 37. N-Sulfinyl Imine-Mediated Aziridine Synthesis by use of a Corey-
Chaykovsky-Type Reaction.  
The stereochemical outcome of the reaction was altered by changing the methyl-
ene transfer reagent from dimethylsulfonium methylide to dimethyloxosulfonium 
methylide.79a,c,f It has been reported that the stereoselectivity was improved by 
changing the chiral auxiliary from the p- tolylsulfinyl to the tert-butylsulfinyl-
group.79c,e,f  







R = t-Bu 
R = p-Tol 
R = i-Pr 
R = Napht
R = t-Bu 35
R = t-Bu 120
A) 3 equiv. Me3SI
   
3 equiv. NaH        
DMSO, rt
or B) 3 equiv. Me3SOI     






Optically active vinylaziridines have been synthesized by reaction of N-tert-
butanesulfinyl aldimines 15 with S-allyl tetrahydrothiophenium ylides,80 or tellu-
ronium ylides81 in good yields with excellent diastereoselectivity (Scheme 38). 
R S(O)NH2 Reagent Yield (S:R) dr 
A 73% 40:60 (SS)-p-Tol B 95% 73:27 
A 75% 23:77 
(SS)-Naphth B 80 83:17 
A a 15:85 
(SS)-i-Pr B a 91:9 
A 70% 15:85 
(SS)-t-Bu B 85% 95:5 























44-82% yield, 85-95% de
>1/4.8 cis/trans  
Scheme 38. Synthesis of 2-Alkenyl Aziridines 1 23 using tetrahydrothiophenium 
and telluronium ylides.  
An aza-Darzens-type reaction, involving the addition of chloromethylphosphonate 
anions to enantiopure N-sulfinyl imines, has been developed for the asymmetric 








































Scheme 39. Synthesis of 2-Phosphono-aziridines 1 2 6a.  
Reaction of N-(p- toluenesulfinyl)imine (SS)-17 with -halomethyl phosphonates 
at 78°C afforded the intermediate -aminophosphonate ester 1 2 5 in 50-73% 
yield in 38:54:8-77:8:15 diastereomeric ratio. The -aminophosphonate ester 























































-78 °C  




Better stereoselectivities were obtained by changing the chiral auxiliary from  
p-toluenesulfinamide to tert-butanesulfinamide. Unfortunately, the tert-butyl-
sulfinyl group could not be removed without ring opening reaction of the NH-
aziridine 2-phosphonate 1 2 8a.83a More recently N-(2,4,6-trimethylphenyl-
sulfinyl)imine (SS)-1 7d has been reported to show good selectivity in combina-
tion with good N-deprotection abilities.83b Thus, treatment of sulfinimine (SS)-
1 7d and diethyl iodomethylphosphonate 1 27a with LiHMDS afforded aziridine  




















R' = t-Bu (SS)-15a
R' = Mes (SS)-17d
R' = t-Bu (SS,2S,3R)-126b (82%)
R' = Mes (SS,2S,3R)-126c (78%) 
(2S,3R)-128a (0%) 
(2S,3R)-128a (77%)  
Scheme 41. Synthesis of aziridine 2-phosphonate 1 28a.  
The N-deprotected aziridines-2-phosphonate esters 128 have been demon-
strated to be versatile synthetic intermediates for the synthesis of novel azirinyl 
phosphonates 1 29,82,83,84 -disubstituted and , - trisubstituted  
-aminophosophonate derivatives 130,131,84b and quaternary piperidine phos-















































By addition of sulfinimines (SS)-17 to alkylphosphonate esters 1 2 7 , after treat-
ment with base, chiral -aminophosphonic acid derivatives, such as  
-aminophosphonic esters (SS,R)-1 2 5 , -aminophosphonic acids (R)-135, and 
, -difluoro -aminophosphonic acid 1 35 (X = F) were synthesized in high yields 









X = H (SS,R)-125 (a)
70-85% (83:13-91:9)
X = F (SS,R)-125 (78%)
67-92% (91:9-95:5 dr)
X = H (R)-134 (a)


















X = H 127
X = F 127
X = H (R)-135 (a)





a The yield of the reaction is not reported (ref. )
(SS)-17
R2OH  
Scheme 43. Synthesis of -Aminophosphonic Acids (R)-135.  
Addition of lithiated sulfone carbanions86 or lithio-1,3-dithianes87 to N-sulfinyl 
imines 15,17 has been reported for the synthesis of a diversity of -mercapto 





























































Scheme 44. Thioalkylation of Aldimines 15,17.  
Use of this strategy resulted in the synthesis of (S)-anatabine,86a -amino sul-
fones and -amino sulfonamides86c (identified as HIV protease inhibitors, MMP-13 































































-amino sulfonamide 139  
Fig. 5 Selected Sulfonylated and Dithiylated Sulfinamide Building Blocks.  
Fluoromethylation of tert-butanesulfinimines (RS)-15 has also been reported by 
Hu et al. The addition of difluoromethyl phenyl sulfone, after treatment with 
LiHMDS, to (RS)-tert-butanesulfinimines afforded sulfinamide (RS,S)-137 in 84-
92% yield as a single enantiomer.89 Subsequent reductive desulfonylation  
resulted in enantiopure , -difluorinated amines (S)-65 (RS = CHF2) in 70-96% 
yield. Trifluoromethylation of sulfinimines (RS)-15 with TMSCF3 proceeded exclu-








































































(R)-65 RS = CF2
O O




Reaction of lithium carbanions derived from both enantiomers of alkyl p- tolyl sul-
foxide (R)-7 6 b and (S)- 7 6 b with N-sulfinyl imines (S)-1 8 has been described 
by García Ruano et al. The configuration of the carbon atom, bound to the nitro-
gen atom, relies exclusively on the N-sulfinimine configuration, whilst the con-
figuration of the carbon atom next to the sulfur atom is determined by the sul-
foxide configuration. Optically pure -amino alcohols were then synthesized via a 































(77:23 dr)  
Scheme 46. Thioalkylation of Arylsulfinyl Ketimines 1 8 . 
3 . 2 . 5 N o n - H e t e r o a t o m St a b i l i z e d Ca r b a n i o n s  
Isoquinolines 1 5 5  have been synthesized by condensation of lateral lithiated am-
ides 1 54 with N-sulfinyl imines (SS)-17. Additionally, the synthesis of 3-substi-
tuted 1(2H)-isoquinolones and 1,3-disubstituted tetrahydoisoquinoline, with an-




















































Dihydroquinazolinones 1 5 8 have been formed via directed ortho metalation and 










R, R2 = H 
X, Y = C





X,Y = C,N  157








R2 = H           (RS)-15 
30-90%, (60:40-95:5 dr)





Scheme 48. Synthesis of Dihydroquinazolinones 1 5 8 Starting from N-tert-
Butanesulfinyl Imines 15,1 6 .  
A one-step synthesis of enantiomerically pure anti-1,2-amino alcohol derivatives 
160 or 1,2-diarylethyl- and propylamine derivatives 159 has been achieved by 
reaction of prochiral ortho-(p-toluenesulfinyl)benzylic carbanions with N-sulfinyl 
imines (SS)-1 7 (RS = H; R = Ar) bearing the same configuration at sulfur.  
N-desulfinylation and C-desulfinylation of the resulting adducts was achieved 








R = H         76c
R = Me      76d










R' = alkyl, aryl
NH2
R'R
R = H        88-100%   (>99:1 dr) 64
R = Me        60-89%   (>99:1 dr) 64
R = OTIPS  68-81%   (>99:1 dr) 78
R = H    70% 159
R = Me  65% 159
R = OH  74% 160
TFA, MeOH
Ra-Ni  
Scheme 49. Reaction of Prochiral ortho-(p-Toluenesulfinyl)benzylic Carbanions 
with N-sulfinyl imines (SS)-15.  
The synthesis of phenylglycine derivatives 1 62 has been accomplished by reac-
tion of Davis imine 17a with 2-(TBDMSO)malononitrile. Depending on the Lewis 
acid and amine base used, both enantiomers were obtained in 81-91% yield with 












































Scheme 50. Synthesis of Phenylglycine Derivatives 1 62. 
3.3. Additions across Sulfinimines:    
Carbon Electrophiles   
The first application of metalloenamines derived from N-sulfinyl imines is  
reported.37 Syn- and anti-1,3-amino alcohols have been synthesized via a highly 
stereoselective addition of metalloenamines, derived from N-sulfinyl imines, to 
aldehydes. Subsequent reduction of the -hydroxy N-sulfinyl imines afforded the 











(RS)-16 RS = Me
1) LDA


























(88:12-95:5 dr)  
Scheme 51. Reaction of the Azaenolate of N-Sulfinyl Methylketimines 16 with 
Aldehydes and Subsequent Stereoselective Reduction Reaction.  
This approach has been reported by Ellman et al. in the synthesis of (-)-8-






























Scheme 52. Synthesis of (-)-8-Epihalosaline 165 and (-)-Halosaline 165.  
Also, a Michael addition reaction of N-sulfinyl metalloenamines with , -
unsaturated ketones bearing either an alkyl or aryl substituent, has been  



















Scheme 53. Michael Addition Reaction of N-Sulfinyl Metalloenamines with , -
Unsaturated Ketones.  
-Alkylations of metalloenamines, derived from N-sulfinyl imines, with alkyl-
halides were not successful due to the lowered nucleophilic character of the 
sulfinimines as compared to classical imines. Therefore, an enhanced reactivity 
of N-sulfinyl amidines, and consecutive conversion to the corresponding  
N-sulfinyl imines 16 were essential.27d Deprotonation with KHMDS of amidine 
167, and subsequent reaction with alkyl halides afforded the corresponding  
-alkylated N-sulfinyl aldimines 15, after reductive cleavage of the morpholine 
substituent, in an overall yield of 86% with excellent 96:4 diastereomeric ratio. 
Reaction with methyllithium, after alkylation of the N-sulfinyl enamidine, afforded 







































Scheme 54. -Alkylations of Metalloenamines Derived from N-Sulfinyl Amidines.  
Closely related, the diastereoselective enolate alkylation of N-acyl sulfinamides 
169 has been examined by Ellman et al. It was found that the alkylation reaction 
proceeded in high yield (72-83%) and with good stereoselectivity (83:17-90:10) 

























Scheme 55. -Alkylations of Metalloenamines Derived from N-acyl sulfinamides.  
Intra- and intermolecular self-condensation reactions of N-tert-butanesulfinyl 
aldimines have been developed in the synthesis of trans-2-aminocyclopentane-
carboxylic acid derivatives. Treatment of bis-sulfinyl imine 1 71 with NaHMDS, in 
the presence of DMPU, afforded the self-condensation product 172 in 40% over-
all yield as a single enantiomer after recrystallisation.97 The latter aldimines were 
























3.4. Cycloaddition Reactions and Asymmetric   
Catalysis  
Despite the fact that the N-sulfinyl group in sulfinimines has been used with rea-
sonable result as an electron-withdrawing, chiral directing group in [2+1], [2+3], 
[2+4] and [1+3]-cycloaddition reactions over the years, the interest in N-sulfinyl 
imines and sulfinamides has shifted to the use as a chiral ligand instead of the 
incorporation in the N-sulfinyl group in the molecule itself. Therefore it is consid-
ered that this subject must not be covered in this overview. Recent advances in 






























































Scheme 57. N-Sulfinyl Imines are used as a building block in cycloaddition reac-
tions or as a catalyst.  
Asymmetric catalysts synthesized from chiral N-sulfinyl imines have also been 
reported in the Pd-complexed asymmetric allylic alkylations or iridium-catalyzed 




















Scheme 58. Complexes for the Asymmetric Catalysis Reactions. 
3.5. Additions to Sulfinimines: Non-Carbon    
Nucleophiles  
For convenience the addition of nucleophiles, other than carbon nucleophiles will 
be covered in this section.  
The addition of lithium dialkyl phosphites to sulfinimines 17 and 18 has been 
described to proceed in high yield and stereoselectivity.32,99 An alternative proce-
dure for the preparation of -amino phosphonic acids has been described via  














































100 %  
Scheme 59. The Synthesis of -Amino Phosphonic Acid Derivatives Starting from 
Sulfinimines 17 and 18.  
Incorporation of an amino function next to the imino function has been reported 
to influence the stereoselectivity of the phosphite addition reaction to a minor 



































































Scheme 60. Double Stereo Differentiation Upon Reaction of Dialkyl Phosphite 
with Functionalized Sulfinimines.  
Addition of ethyl phenylphosphinate across p-toluenesulfinyl aldimines 17 has 
been described to proceed only at higher temperatures (70 °C). Besides the  
desired -aminophosphinate 193 (<30% yield; no stereoselectivity was  
reported) various side products, such as phenylphosphonic acid monoethyl ester 
191, thiophosphonic acid ester 192, phosphonyl p- tolylsulfoxide 195, N-sulfinyl 
























































-Aminoorganostannanes (RS,S)-197 have been formed in high yield (>80%) 
and with excellent stereoselectivity (>98:2 dr) by reaction of tert-Butanesulfinyl 
Aldimines (RS)-15 with Bu3SnLi. -Aminoorganostannanes (RS,S)-197 were 
readily converted to the corresponding N-Boc protected -amino organo-






















(RS,S)-197 (S)-198  
Scheme 62. Synthesis of -Aminoorganostannanes (S)-198 through Addition of 
Bu3SnLi across tert-Butanesulfinyl Aldimines 15. 
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Chapter 2. Results, Discussion and Perspectives 
1. Synthesis of N - tert-Butanesulfinyl -Halo Im ines  
Halogenated imines have received considerable attention as versatile inter-
mediates for the synthesis of biologically active compounds.102 The simple syn-
thesis of halogenated imines, from their corresponding readily available halo-
genated aldehydes or ketones, and the subsequent cyclisation, after a nucleo-
philic addition reaction, to azaheterocycles make the -halogenated imino  
function an interesting building block.103 Even though these -halogenated imines 
have found wide application, their use is not without problems. The vast majority 
of the -halo imines is hydrolytically unstable and they are relatively poor elec-
trophiles as compared to carbonyl compounds.102d The use of a chiral nitrogen-
protective group, activating the imino function for nucleophilic addition in a  
diastereofacial way and in addition, which is easily removed after reaction under 
mild conditions, is of interest to synthesize a variety of compounds. The  
diastereoselective addition of organometallics to N-sulfinyl imines, pioneered by 
Davis23,32c and Ellman32a,b,d,39a has proven to be a straightforward method to syn-
thesize chiral amines, amino alcohols and amino acids, among other interesting 
compounds. Yet, the use of halogenated N-sulfinyl imines has almost only been 
limited to some fluorinated examples,28,74,80 despite the advantageous reactivity 
of known N-alkylated and N-arylated halogenated imines mentioned. A few  
examples of -chloro or bromo N-sulfinyl imines are described but their reactivity 
has not been investigated up to now.17,63,65a,104  
Therefore, a general approach for the synthesis of N-sulfinyl -halo imines is 
most opportune for its convenient use as a building block in the synthesis of a 
whole range of enantioenriched functionalized amines and/or chiral azahetero-
cycles. For the halogenation reaction in -position of an imino function is well 
described and known to proceed in high yields for the vast majory of imines,102d 
-halogenated N-sulfinyl imines appear as excellent reagents to start with. Also, 
given the fact that the lower nucleophilicity of sulfinamides as compared to 
amines, has to be anticipated by the use of a strong Lewis acid, the effect of a 
halogen atom in the ketone or aldehyde on the nucleophilicity of sulfinamides 
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could not be estimated. So both the halogenation of N-tert-butanesulfinimines 
and the condensation of tert-butanesulfinamide with -halo ketones and alde-



































Scheme 63. Synthesis of N-tert-Butanesulfinyl -Halo Imines 20. 
1.1. Imination Prior to Halogenation  
It was first tried to synthesize unfunctionalized N-tert-butanesulfinimines prior to 
halogenation. Then, the halogenation of sulfinimines and subsequent separation 
of the diastereomers could be checked for, in some selected cases. 
Unfunctionalized N-tert-butanesulfinyl aldimine 15d was synthesized in very high 
yield by stirring 1 equivalent of (rac)-tert-butanesulfinamide 14a with 1.1 
equivalents of isobutyraldehyde for 16 hours at room temperature in dry CH2Cl2 
with 2.2 equivalents of CuSO4 as drying agent.22c Purification by flash chromato-
graphy (Petroleum ether/EtOAc 75:25-mixture; Rf 0.6) afforded N-tert-
butanesulfinyl aldimine 15d in 80% yield as a colourless oil (Scheme 64). 
If the latter imine was mixed in CCl4 for 1 hour at 0 °C with 1.1 equivalents of  
N-chlorosuccinimide (NCS) no reaction occurred. However, as the latter reaction 
was started at 0 °C and consecutively was continued for 1 hour at room tem-
perature, a complex reaction mixture was obtained when checked for by 1H NMR 
spectroscopy. N-tert-Butanesulfinyl aldimine 15d was recovered in 61% yield 
based on the 1H NMR spectrum and N-tert-butanesulfinyl -chloro aldimine 19a 
was formed in 5% yield. Various tert-butyl peaks appeared in the 1H NMR spec-
trum, upfield as compared to the tert-butylsulfinyl peak, indicating that a reac-
tion of the sulfinyl-group with NCS was most likely. Acidic deprotection of the 
sulfinyl-group was further complicating the spectrum giving rise to the hydro-
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lysed material, i.e. isobuteraldehyde (10%) among other compounds. N-tert-
Butanesulfinyl -halo aldimine 19a could not be isolated as a pure product from 
the reaction mixture after treatment of N-tert-butanesulfinyl aldimine 15d with 
NCS (1.05-3 equivalents), NBS (1.05-3 equivalents), SO2Cl2 (1.05 equivalents), 
Br2 (1.1 equivalents) in CH2Cl2 or CCl4 at 0 °C, room temperature or after reflux 
for 10 min to 12 hours. The most important results of these reactions are shown 
in Scheme 64.   
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CH2Cl2, 0 °C, 10 min
complex reaction 
mixture




3 equiv NCS, SO2Cl2
CH2Cl2, rt or , 1-12 h
Scheme 64. Halogenation Reaction of N-Sulfinyl Aldimine 15d.  
It was rationalized that addition of K2CO3 would minimize the hydrolysis of the  
N-sulfinyl imines during halogenation and, in addition, to avoid acid deprotection 
of the sulfinylgroup. Unfortunately, no beneficial results were obtained if 1.1 
equivalents of NCS was allowed to react with N-tert-butanesulfinyl aldimine 15d 
in CCl4 at room temperature in the presence of 0.1-3 equivalents of K2CO3. From 
this work (vide supra) it may be concluded that the halogenation of unfunctional-
ized N-tert-butanesulfinyl aldimines is not an acceptable entrance to -halo 
sulfinimines as such. 
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1.2. Halogenation Prior to Imination  
Via a second strategy it was tried to condense tert-butanesulfinamide 14a with 
halogenated ketones or aldehydes.  
-Chloro aldehydes 203 were synthesized via halogenation of the corresponding 
aldehydes 202 with 1 equivalent of SO2Cl2 in CH2Cl2 whilst stirred for 1 hour at 0 
°C and 1 hour at room temperature. Distillation of the crude product afforded -



























Scheme 65. Halogenation of Aldehydes with SO2Cl2.   
-Halo and -chloro aldehydes 205 were obtained via oxidation of the corres-
ponding alcohols with pyridinium chlorochromate (PCC). Prior to oxidation of the 
alcohol, 2 equivalents of PCC were mixed with an equal amount of silica, after 
which dichloromethane was added to obtain an orange suspension.105 Then, the 
alcohol was added in a few portions (1-4 depending on the reaction scale) in 
such a way that the temperature never exceeded 25 °C. The dark oil formed dur-
ing oxidation was coated on the silica enabling simple filtration over celite and 
silica after completion of the reaction (1-2 hours). -Halo pivaldehydes 205a,b 





2 equiv PCC 
coated on SiO2
CH2Cl2, 15 °C










X = Cl 204a
X = Br 204b
X = Cl 205a (55%)
X = Br 205b (54%)
205c (48%)  
Scheme 66. Synthesis of -Halo and -Chloro Aldehydes via Oxidation.  
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Via the latter procedure (2 equivalents of PCC with silica in CH2Cl2 below 25 °C 
for 1-2 hours) methylketones 200a- c were synthesized from the secondary al-
cohols. The latter alcohols were synthesized from the corresponding aldehydes 
after MeMgI addition. Alternatively, methylcyclohexylketone 200c was also syn-
thesized via c-HexMgBr addition across acetic anhydride. The latter addition re-
action was quite unpredictable as a solid cake was formed on top of the reaction 
mixture. This cake was broken after some time resulting in uncontrollable reac-
tion conditions. Therefore this procedure was not further followed.  
Thermodynamic halogenation of methylketones was performed in boiling CH2Cl2 
(0.5 M) with 0.1 equivalent of DMF.HCl as catalyst. Sulfuryl chloride (SO2Cl2, 
0.75 equivalent), dissolved in CCl4 (2 M), was added in the dark via syringe over 
longer periods of time (48 h). Noteworthy, over longer periods of time SO2Cl2 
may react with the plasticizers of PU-plastics. Therefore it is advised to use glass 




A) 0.9-1 equiv. MeMgI  
Et2O, , 3 h
B) 2 equiv. PCC
CH2Cl2/SiO2


























202 (37-44 %)  
Scheme 67. Thermodynamic Halogenation of Methylketones with SO2Cl2.  
1 . 2 . 1 Co n d e n sa t i o n o f t e r t - Bu t a n e su l f i n a m i d e 
w i t h H a l o g e n a t e d A l d e h y d e s  
It was known that condensation of aldehydes with tert-butanesulfinamide 14a 
proceeded in high yields in the presence of 2.0 equivalents of CuSO4 as Lewis 
acid and 4Å molecular sieves (MS) as water scavenger. It has been described 
that this procedure showed beneficial results for the synthesis of unfunctionalized 
N-tert-butanesulfinyl aldimines, over the other Lewis acids used (MgSO4, CsF, 
PPTS).22c Therefore the latter procedures were not tested for the synthesis of N-
tert-butanesulfinyl -halo imines. To start with the N-Sulfinyl -chloro aldimines 
(rac)-19, a new class of functionalized N-sulfinyl imines, these compounds were 
only synthesized in trace amounts when stirred in dry CH2Cl2 for 12 hours with 
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0.9 equivalent of tert-butanesulfinamide 14a, 2.2 equivalents CuSO4 and the 
same weight amount of 4Å molecular sieves (Scheme 68). Yet, N-sulfinyl -
chloro aldimine (rac)-19a was formed in 24% yield if the latter reaction mixture 
was stirred for 12 hours at 60 °C in THF. Noteworthy, the condensation of (rac)-
2-chloro-2-butanone with tert-butanesulfinamide 14a in CH2Cl2 or THF in the 
presence of 2.2-5 equivalents of CuSO4 and 4Å MS was neither succesfull at 
room temperature, nor at reflux temperature. No condensation reaction oc-
curred. Also, in the literature the CuSO4 mediated condensation reaction of un-













CH2Cl2, 4 Å  MS
A) rt, 12 h
B) 60 °C, 12 h
















Cl CH2Cl2, 4 Å  MS
A) rt, 12 h
B) 12 h
0.9 equiv t-BuS(O)NH2 14a





Scheme 68. Condensation of tert-Butanesulfinamide 14a with -Chloro Alde-
hydes 203 or -Chloro Ketone 201a in the Presence of CuSO4; Yields Calculated 
from the 1H NMR Spectra.   
Better results were obtained when N-tert-butanesulfinyl -chloro aldimines (RS)-
19 were synthesized via condensation of 1.0 equivalents of -chloro aldehydes 
203 with 0.9 equivalent of tert-butanesulfinamide 14a in the presence of 2 
equivalents of Ti(OEt)4 in THF under reflux for 1-4 h (Scheme 69). Complete con-
densation of -chloro isobuteraldehyde 203a with tert-butanesulfinamide 14a 
was also obtained when stirred overnight (16 h) at room temperature in dry THF 
(or CH2Cl2) with 2 equivalents of Ti(OEt)4 as Lewis acid. Due to the longer reac-
tion times the reaction mixture was shielded from direct sunlight. All N-sulfinyl -
chloro aldimines (RS)-19 were isolated in high yields (87-95%) by distillation in 
order to separate the small excess of aldehydes 203 used. Also, all , -dichloro 
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aldehydes 206 , -halo aldehydes 205a,b and -chloro aldehyde 205c apart from 
, , - trichloro aldehyde 206 c were condensed in the presence of 2 equivalents 
of Ti(OEt)4 with tert-butanesulfinamide 14a to give , -dichloro aldimines 207,  
-halo aldimines 21a,b and -chloro aldimine 21c while stirred for 4-16 h in dry 
THF at 20-75 °C in high yields (78-86%) (Scheme 69). Again, the flasks were 
wrapped in aluminium foil to prevent these compounds from direct sunlight and 
all imines 21,207 were purified by flash chromatography apart from N-tert-
butanesulfinyl , , - trichloro aldimine 207 c. The latter imine 207c was only syn-
thesized in modest yield (49%) from , , - trichloro aldehyde 206c when stirred 
in the dark for 16 h with 2 equivalents of Ti(OEt)4 in dry THF. Due to the Lewis 
acid present, partial dehydrohalogenation occurred to form N-(2,4-dichloro-4-
phenylbut-2-enylidene)-tert-butanesulfinamide (approximately 25%). N-tert-
Butanesulfinyl , , - trichloro aldimine 207 c was isolated after recrystallisation 

























, 1-4 h 













(RS)-21b205a X = Cl
205b X = Br
THF
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0.9 equiv t-BuS(O)NH2 14a





















rt, 16 hClCl ClCl
0.9 equiv t-BuS(O)NH2 14a
2 equiv Ti(OEt)4
14a  
Scheme 69. Synthesis of N-tert-Butanesulfinyl -Chloro Aldimines 19, , -
Dichloro Aldimines 207 , -Halo Aldimines 21a,b and -Chloro Aldimine 21c. 
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During the workup procedure the titanium species was removed by filtration after 
addition of brine. It has been shown that the best results were obtained if the 
reaction mixture was added slowly in a steady stream to a beaker in which the 
water was rapidly stirred with a great magnetic stirring bar (maximum rate). 
When completely added the stirring was immediately stopped to avoid the parti-
cle size to become too little (and largely increasing the filtration time). If the 
suspension is made without (rapidly) stirring or if the magnetic stirring bar was 
too small, up to 50% of the imine is lost during the filtration step.  
1 . 2 . 2 Co n d e n sa t i o n o f t e r t - Bu t a n e su l f i n a m i d e 
w i t h H a l o g e n a t e d K e t o n e s  
Also the Ti(OEt)4 mediated -chloro ketimine synthesis was performed with ex-
cellent result for the first time. However, the sterical and electronical properties 
had its limits for the reaction outcome. Aliphatic -chloro methylketimines 20a- d 
and , -dichloro methylketimine 209a were synthesized in high yields (82-94%) 
from -chloro aldehydes 201a- d and , -dichloro ketone 208a when stirred for 
8-48 h with 0.9 equivalent tert-butanesulfinamide 14a in the presence of 2 
equivalents of Ti(OEt)4 at reflux temperature in dry THF (Scheme 64). However, 
-chloro cyclohexylcarboxaldehyde 2 01c reacted only with tert-butanesulfin-
amide 14a when stirred at reflux temperature for 16 h in dry isooctane in the 
presence of Ti(OEt)4 (2 equiv.), yielding -chloro methylketimine 20c in 89% 
yield. Noteworthy, , -dichloro methylketimine 209a and even -chloro me-
thylketimine 21d were formed in the dark via the titanium-mediated condensa-
tion reaction of the corresponding ketone with sulfinamide 14a.  
While N-tert-butanesulfinyl -chloro aldimines 19, , -dichloro aldimines 207,  
-chloro methylketimines 20 and , -dichloro methylketimine 209a were syn-
thesized in high yields, the synthesis of symmetrical N-tert-butanesulfinyl , -
dihalo ketimines 212 and , , , - tetrachloro ketimine 214 was more trouble-
some due to the instability of the latter compounds. With dibromo or dichloro-
pinacolone no condensation reaction occurred under the standard conditions 
(stirring of 1 equivalent of tert-butanesulfinamide 14a with 2 equivalents of 
Ti(OEt)4 in dry THF at reflux temperature for 12 h). Change of solvent (boiling 
toluene), amount of Ti(OEt)4 added (2-10 equivalents) or time (12-100 h) did 
not result in any of the imine or enamine formed. 

































0.9 equiv t-BuS(O)NH2 14a







60 °C, 6 h






R = Me, Et     24 h, THF
R,R = (CH2)5 16 h, isooctane
R,R = H, Me  8 h, THF
14a  
Scheme 70. Synthesis of Aliphatic N-tert-Butanesulfinyl -Chloro Ketimines 20, 
, -Dichloro Ketimine 209a and -Chloro Aldimine 21d.  
Also the condensation reaction of , -dichloroacetone or , -dibromoacetone 
with tert-butanesulfinamide 14a resulted in the formation of a black oil in which 
no imino or enamino peaks were observed when checked for by 1H and 13C NMR, 
no matter what solvent (THF, CH2Cl2, MeCN), temperature (0-75°C), time (4-48 
h) or amount of Ti(OEt)4 (1-10 equivalents) was used. In contrast, reaction of 
tert-butanesulfinamide (rac)-14a with anti- , -dichloroketone 211a or 
, , , - tetrachloroacetone 213a at room temperature (36 h) in the dark 
yielded a complex reaction mixture in which the corresponding imines 212a and 
214a were isolated in low yields after flash chromatography in 14% and 49% 
yield, respectively (Scheme 71).  
No trace of the corresponding enamine was found when checked for by 1H NMR 
or 13C NMR. Noteworthy, only one anti- , -dichloro ketimine 212a diastereomer 
was obtained as a pure product after flash chromatography. Its other di-
astereomer was isolated as a 86:14-mixture of compounds in 17% yield. Note-
worthy, most of the peaks in ketimine 212a and ketimine 214a were broadened 
in the 1H NMR and 13C NMR spectra. Collection of the NMR data at various tem-
peratures (20-45 °C) and/or solvents (C6D6, CDCl3, acetone-d6) did not result in 
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a better resolved spectrum. This effect probably results from the high steric bulk, 
leading to a large number of (disfavoured) conformational forms that are occu-
pied. Rotations around the S-N bond and Cq-CHClX bond are further complicating 
the spectrum. Unlike N-alkylated imines planar inversion of the imino bond has 
already been described to occur, even at room temperature (the sulfinimine in-
version barrier is 54-72 kJ)3,23,106,107 due to the p-d -interaction in the transition 


















211b (X = Cl)
211c (X = Br)
THF or CH2Cl2 or MeCN
0- , 4-48 h




















mixture of compounds  
Scheme 71. Synthesis of Symmetrical N-tert-Butanesulfinyl , -Dichloro 
Ketimine 212a  and , , , -Tetrachloro Ketimine 214a .  
In the literature the van der Waals radius of a methyl group and a chlorine atom 
are quite similar. Therefore, it may be useful to compare the yields and reaction 
conditions of N-tert-butanesulfinyl -chloro imines with their N-tert-butane-
sulfinyl -methylimine analogues (Table 3).  
From Table 3 it may be concluded that the synthesis of aliphatic N-tert-
butanesulfinyl -chloro and , -dichloro imines and their alkylated counterparts 
is quite similar. Yet, slightly higher yields were obtained for halogenated N-tert-
butanesulfinyl imines.     
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Table 3. Comparison of the Reaction Conditions and Yields During the Synthesis 
of N-tert-Butanesulfinyl -Halo Imines and  Unfunctionalized tert-Butanesulfinyl 



















X,Y T (°C), [t(h)] Yield (%)
Me, Me 15e
Cl, Me   19a
Cl, Cl  207a
20 [6]





Me, Me (Me, H) 16a
Cl, Me   (Cl, H)  20a
75 [24] (60 [24])












The electronic properties of the carbonyl compound have a great influence on the 
reaction outcome and the reaction rate. Whereas non-conjugated aldehydes are 
condensed with tert-butanesulfinamide 14a in dry THF in the presence of 2 
equivalents of Ti(OEt)4 at 75 °C in 1-4 hours, -chlorocinnamaldehyde 203a had 
to be condensed with tert-butanesulfinamide 14a for 16 hours at 60 °C. Also N-
[2-chloro-1-phenylethylidene]-tert-butanesulfinamide 20e (and closely related 
analogues, such as Ar = 4-BrC6H4, 4-ClC6H4, p-Tol) were synthesized with 2 
equivalents of Ti(OEt)4 as Lewis acid and water scavenger in 88-90% yield in 
boiling THF (75 °C) for 48 h. All N-tert-butanesulfinyl -halo ketimines 20a- g 
formed existed as one stereoisomer and no enamine was found when checked for 
by 1H and 13C NMR. Condensation of -bromo acetophenone with tert-
butanesulfinamide 14a under the former conditions resulted in a complex reac-
tion mixture due to the thermolability of the N-tert-butanesulfinyl -bromo 
ketimines 20 formed. As was found by a thesis student, the N-tert-butanesulfinyl 
-bromo ketimines were synthesized in 87-90% yield while stirring for 96 h at 
room temperature in the dark.108 Again, no enamine was found when checked for 
by 1H and 13C NMR and only one stereoisomer was present.  
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X = Cl; , 48 h
X = Br; rt, 96 h
0.9 equiv t-BuS(O)NH2 14a
2 equiv Ti(OEt)4X
Y X
X = Cl, Y = H;    201e
X = Cl, Y = Cl;   201f








Scheme 72. Synthesis of Aromatic N-tert-Butanesulfinyl -Halo Ketimines 20.  
In contrast, the condensation reaction of , -dichloroacetophenone with tert-
butanesulfinamide 14a under the former conditions (THF at 75 °C for 24 h with 2 
equivalents of Ti(OEt)4) yielded 62% of imine 209b as white crystals after re-
crystallisation from diethyl ether, as could be checked for by the IR spectrum 
(1593 cm-1) and mass spectroscopy [292.0/294.0/296.0 (10, [M+H]+); 
236.0/238.0/240.0 (100%, [M+2H-tBu]+)] but most of the peaks in both the 1H 
NMR and 13C NMR were broadened at various temperatures (20-95 °C) in differ-
ent solvents (CDCl3, C6D6, acetone-d6, DMSO-d6). Therefore it was impossible to 
draw clear conclusions from the NMR spectra but still some remarks could be 
made: (i) even after three consecutive recrystallisations from diethyl ether 14 
peaks appeared in the 13C NMR spectrum and (ii) no peaks were appearing in the 
C(sp2)Cl2 region, around 90-110 ppm in the 13C NMR. From this it is concluded 
that different conformations are observed by NMR spectroscopy and that no 
enamine was formed. 
For this reason it was thought that incorporation of a methyl group in para posi-
tion of the aromatic ring would simplify the spectrum to a great extent without 
affecting the conformational ratio too much. (rac)-N-[2,2-Dichloro-1-(p-
tolyl)ethylidene]-tert-butanesulfinamide (rac)-209c was obtained as a yellow oil 
in 60% yield in an inseparable 45:55-mixture of conformers, when stirred with 2 
equivalents of Ti(OEt)4 for 24 h in dry THF at 75 °C. Also (rac)-N-[2,2-dibromo-
1-phenylethylidene]-tert-butanesulfinamide (rac)-209d was isolated as a 50:50-
mixture of conformers, and appeared only in the imino form. The latter com-
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pound was synthesized from 2,2-dibromoacetophenone 208d and tert-butane-
sulfinamide (rac)-14a in 54% yield at room temperature in the presence of 2 





X = Cl; , 24 h
X = Br; rt, 60 h
0.9 equiv t-BuS(O)NH2 14a
2 equiv Ti(OEt)4X
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X = Cl, R = H;      208b
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Scheme 73. Synthesis of Aromatic N-tert-Butanesulfinyl , -Dihalo Ketimines 
209b- d. 
1.3. Conformational, Configuration and Electronic  
I nformation on N-Sulfinimines  
In the literature, the AlMe3-mediated 1,2-addition of (RS)-N-(1-methyl-
butylidene)-tert-butanesulfinamide 16c with PhLi has been described to afford 
(RS,S)-(1-phenyl-2-pentyl)-tert-butanesulfinamide 71a in 93% with 89:11 dr, 
which exceeds the substrates initial E:Z ratio of 5 (Scheme 74)!22a Thus, due to 
rapid isomerization, AlMe3-imino complexes may prefer one isomeric conforma-
tion to an extent more in line with the observed diastereoselection (9:1) than the 
parent sulfinyl ketimine (5:1). This observation is in contrast with N-arylated or  
N-alkylated imines which have even at higher temperatures a fixed orientation at 
the imino bond. Inversion around this bond, thus the switch from the favoured  
E-orientation to the Z-orientation evolves over a transition state which has a 




























Scheme 74. Diastereoselectivity of 9:1, Obtained during the Addition of PhLi 
upon N-Sulfinyl Ketimine 16c is Higher than the Substrates E:Z ratio of 5:1.22a 
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As the E is over 100 kJ the orientation is fixed at room temperature (t1/2(25 
°C) = 5.2 h) and therefore is called a configuration. For N-sulfinyl imines the RL-
C=N-S in plane barrier is lowered from 120 kJ (configuration) to 54-72 kJ (con-
formation).3,23,106,107 However, computational research has shown that sulfin-
imines have a tendency to prefer a semi rigid syn-periplanar arrangement (C=N-
S=O appear in one plane as Z-conformation).109,110 This arrangement has been 
confirmed by X-ray diffraction analysis of N-(benzylidene)-p- toluene-
sulfinamide.23a There are two other minima on the N-S bond rotational path 
which are already 30-37 kJ/mol higher in energy (C=N-S=O bond angle 110° 
and 245°) but they have only a transient existence as their rotational barrier to 
the syn-periplanar conformation is 1.5-0.3.5 kJ/mol.109 The origin of the prefer-
ence for the syn-periplanar arrangement can be attributed to the electrostatic 
repulsions of the N-,S- and O-lone pairs, the negative hyperconjugation between 
nN and *SO bonds 217 (resulting in a smaller N-S bond distance of structure 
219, larger N-S=O bond angle of structure 218 and larger N-S bond polariza-
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Scheme 75. Important Geometrical Parameters as Calculated from ab init io Cal-
culations (HF/6-31+G*). Angles are in ° and Distances in Å.  
Atomic charge calculations show that the S-O bond is strongly polar. The sulfinyl 
group in sulfinimines polarizes the C=N bond while withdrawing electrons 
through the inductive effect, leading to the Michael acceptor character of the 
sulfinimines.109 The enhanced stereoselectivity during the addition of organo-
metallics across sulfinimines 17e in the presence of Lewis acids has been de-
scribed (vide infra). Therefore the interaction of sulfinimines with BF3.OEt2 has 
been investigated by ab init io calculations and these results have been compared 
by experimental data using 1H NMR, 13C NMR and 15N NMR, collected at -40 °C in 
CDCl3 for a 1:1-ratio sulfinimine/BF3.OEt2.109b,111 By means of the energy calcula-
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tions of the sulfinimine and BF3 adduct 222 the complexation at sulfur was ex-
cluded since this complexation was 50-63 kJ/mol higher in energy than the 
sulfinimine-BF3 complex at oxygen 221 or nitrogen 220. Also a four-membered 
chelate (mixed complex O BF3 N) was ruled out by means of 11B NMR.111 So, the 
complex was formed at oxygen or nitrogen but the energy differences between 
these two complexes were insignificant to discriminate between them. However, 
comparison of chemical shift calculations on several proton and carbon sites with 
experimental NMR values upon addition of BF3 to sulfinimines 17e are the 
same as calculated for the O complex 221.109b The lowest energy conformation of 
the BF3 complex 221 at the oxygen atom explains well the high stereoselectivity 
observed in reactions of sulfinimines with nucleophiles in the presence of boron 































> + 0.4 kcal/mol
17e 220 221 222
Me
Me
Scheme 76. Interaction of Sulfinimine 17e with BF3 as Investigated by ab init io 
Calculations (MP2 and B3PW91 Molecular Orbital Calculations) and Checked for 
by NMR Spectroscopy.  
Although a lot of research has been done about the conformational preferences 
of sulfinimines, less is known over the configurational stability at sulfur. At the 
best of our knowledge, no research has been performed concerning the (pyrami-
dal) inversion of the sulfinyl group in sulfinimines. Though, the racemization of 
diaryl-, dialkyl- and alkyl(aryl)sulfoxides has been thoroughly examined by Mis-
low et al.112 The racemization was observed in a narrow temperature range of 
190-220 °C, and it was established that the racemization proceeded via pyrami-
dal inversion. Given that sulfoxides containing -hydrogen atoms underwent cis-
elimination, the substituents were limited to those lacking -hydrogen atoms 
with few exceptions. Almost all racemization rates were found within a range of a 
ten-fold factor and had H -values of 147-176 kJ/mol and S -values between  
-33 and 17 J/(K mol).112,4c Generally, inductive effects were found to be of minor 
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importance and bulky substituents were found to increase the rate of inversion. 
However, most sulfoxides may be considered as configurationally stable.  
Moreover, 1,2,5-thiadiazole S-oxide 224 has been shown to exhibit an inversion 
barrier of about 136 kJ/mol, which has been also confirmed by ab init io calcula-
tions.113 The magnitude of the barrier, which is slightly lower than that of ordi-
nary sulfoxides, but is by far exceeding the barrier of thiophene S-oxide (esti-
mated to be ca. 100 kJ/mol lower than the one of diaryl sulfoxides),114 was ac-
counted for as a result of two contrasting effects. Aromatic effects are assumed 
to be of equal importance as in thiophene S-oxides, but they are compensated 
by the presence of two electronegative nitrogen atoms, which stabilize the py-
ramidal ground-state. It has been found that electronegative substitution on a 
pyramidally inverting centre generally increases the barrier, as does incorpora-
tion of the centre in a small ring.115 Pyramidal inversion of an atom in a five-
membered ring proceeds less fast than in the open system, and a decrease of 
the ring size inhibits this process even more. If these two effects are combined, a 
tremendous increase in configurational stability might result, as in the case of 
the N-chloro aziridine 227. The latter compound shows an inversion barrier of 
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Scheme 77. G -Values for Pyramidal Inversion at the Sulfinyl Sulfur Centre.  
Given that N-tert-butanesulfinyl -halo ketimines 19,20 were synthesized while 
stirring for 12-96 h at reflux temperatures in THF or isooctane in the presence of 
Lewis acids, the epimerization at sulfur had to be checked for. 
A first indication of the configurational stability was investigated by comparison 
of the optical rotation of N-tert-butanesulfinyl -halo ketimines 20a and 20e , 
when synthesized at room temperature versus reflux temperature (Table 4).     
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Table 4. Various [ ]D20 Values of N-tert-Butanesulfinyl -Halo Imines 20a and 
20e when Synthesized at Various Temperatures.  
N-tert-Butanesulfinyl -Halo Imine T (°C) [t (h)] [ ]D20  
N-(2-Chloro-1,2-dimethylpropylidene)- 20 (96) -185 (CHCl3)
tert-butanesulfinamide 20a 75 (24) -187 (CHCl3)
75 (96) -185 (CHCl3)
N-(2-Phenylethylidine)- 20 (96) -31 (CHCl3) 
tert-butanesulfinamide 20e 75 (96) -31 (CHCl3) 
As can be seen from Table 4, the optical rotation of imines 20a,e is invariable, 
even when synthesized at high temperatures for longer periods of time. 
A second indication was given by checking of the optical rotation of known chiral 
compounds with their literature values. Only (RS)-N-(tert-butylsulfinyl)-2-
phenylaziridine 35a had been described and its optical rotation obtained was in 
accordance with the literature values ([ ]D20 +310 and -335 in CHCl3 obtained 
vs. +298 and -320 reported for both diastereomers).79c,e As the end product was 
unichiral, so must be its substrates. 
Final proof was given by a series of lanthanide shift reagent experiments (Fig. 6). 
N-(2-Chloro-1,2-dimethylpropylidene)-tert-butanesulfinamide (rac)-20a and 
(RS)-20a were synthesized in dry THF at reflux temperature (48 h) in the pres-
ence of Ti(OEt)4 (2 equiv.). The final occurrence of epimerisation at the sulfinyl 
group of (RS)-2 0 a was checked via addition of europium tris[3-(heptafluoro-
propylhydroxylmethylene)-(+)-camphorate] [Eu(hfc)3] during 1H NMR spectro-
scopy of (RS)-20a and (rac)-20a. The best results were obtained when 200 mg 
of (rac)-20a and 250 mg of Eu(hfc)3 were dissolved in the appropriate amount of 
CDCl3. As a result the singlet from (rac)-20a (CH3C=N-) was shifted from 2.52 
ppm (without Eu(hfc)3) to 3.14 and 3.21 ppm, clearly appearing as two singlets. 
The addition of Eu(hfc)3 according to this procedure to enantiopure (RS)-2 0 a re-
sulted in a shift of this singlet from 2.52 ppm to one single singlet at 3.12 ppm. 
For transparency a 95:5-mixture of (RS)-20a and (rac)-20a was made and, un-
der the same conditions, resulting in a singlet (~96.2%) at 3.12 ppm with a 
small peak partly overlapping with it at 3.05 ppm (~3.8%). These analyses 
clearly demonstrate that no racemization occurred during the synthesis of  
(RS)-20a. 
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Fig. 6 1H NMR Spectroscopy (CDCl3) of N-(2-Chloro-1,2-dimethylpropylidene)-
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2. Reduction of N-tert-Butanesulfinyl Imines 
2.1. Introduction  
Aziridines are versatile synthetic intermediates for the synthesis of a variety of 
attractive compounds via regio- and stereoselective ring opening reaction with 
nucleophiles.118 In recent years chiral aziridines have received an increasing 
amount of attention since they are key substrates in the synthesis of a number 
of useful alkaloids, amino acids or - lactam antibiotics or they are used as chiral 
auxiliaries and ligands.118,119 
Noteworthy, while the synthesis of aziridines has been well described, the 
stereoselective synthesis remains more limited.118 Main routes to chiral aziridines 
include an asymmetric aza-Darzens reaction,84a,120 stereoselective nitrene addi-
tion to olefins,121 asymmetric additions to azirines122 or aza-Payne rearrangement 
of 2,3-epoxyamines.123  
Also the chiral aziridine synthesis starting from N-sulfinyl imines has proven to 
be a good alternative to known procedures.32,67,79-82,84,124 Activation of the imino 
function by a chiral N-sulfinyl group is borne out in high yields and diastereo-
selectivities of aziridines synthesized. Diverse strategies, utilizing the Corey-
Chaykovsky-type reaction with sulfur or tellurium ylides, 79,124a,b the aza-Darzens 
type addition with -halo enolates,48c,54a,81 or allenylzinc reactions67c,83a,84a,b,124c 
with non-functionalized N-sulfinyl imines are described to afford chiral aziridines. 
As a result, the nucleophile is incorporated as part of the backbone of the ring 




































Scheme 78. Asymmetric Aziridine Synthesis from N-Sulfinyl Imines.  
Via an alternative strategy, the stereoselective aziridine synthesis starting from 
N-sulfinyl -halo aldimines 19 (Scheme 78, pathway 2) will be investigated here. 
Given the interest in and synthetic potential of -halo imines102,103 in combination 
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with the enhanced reactivity of N-sulfinyl imines reported by Davis23,32c,d and  
Ellman,22,32a,b,d a more profound research of N-sulfinyl -halo ketimines is highly 
desirable. The simple synthesis of N-sulfinyl -halo imines 19 and the sub-
sequent cyclization after an addition reaction, to aziridines 35 make the -halo 
imino moiety an interesting building block. Needless to say that the chemistry of 
such imines might differ substantially from non-functionalized N-sulfinyl imines 
by virtue of other possible reactions, e.g. substitution, dehydrohalogenation,  
enhanced reactivity, etc
For many synthetic targets a ketone precursor is readily accessible. The hydride 
addition to non-functionalized N-sulfinyl imines has been described to proceed in 
high yields and with excellent diastereofacial control in some cases.35 At the start 
of this research a thoroughly elaborated study of hydride addition across  
N-sulfinyl imines seemed to be lacking in the literature. Yet, very recently (at the 
end of this 4-year period of research) a profound study of hydride reduction of 
non-functionalized N-sulfinyl imines to chiral secondary amines has been  
reported37 but the reduction of functionalized N-sulfinyl imines and N-sulfinyl  
-halo imines in specific, allowing further elaboration after reaction, were not 
incorporated. The present study will fill this gap by the development of a syn-
thetic method for chiral aziridines from N-tert-butanesulfinyl -halo ketimines.  
2.2. Reduction of N- tert-Butanesulfinyl -Halo Aldi-
mines: Reaction Optimization  
N-Sulfinyl -chloro aldimines (RS)-19 were synthesized via condensation of  
-chloro aldehydes 203 (1.1 equivalents) with (RS)-tert-butanesulfinamide in the 
presence of 2 equivalents of Ti(OEt)4 in THF under reflux or room temperature 
(vide supra). As compared to the hydride reduction of non-functionalized  
N-sulfinyl imines, the incorporation of a vicinal chlorine atom next to the imino 
bond was expected to influence the reaction rate of the reduction reaction with 
hydride. Complete reduction of N-tert-butanesulfinyl -chloro imine (RS)-19a 
was achieved with 2 equivalents of NaBH4 whilst stirring for 12 h in THF at room 
temperature (Table 5, entry a). To further elaborate these reductions in detail, 
the reaction conditions were systematically changed. Therefore, addition of a  
series of reducing agents, such as NaBH4, LiBH4, 9-BBN, NaCNBH3, LiBHEt3,  
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LiAlH4 and DIBAL-H across N-tert-butanesulfinyl -chloro aldimines 19a,b were 
monitored while stirring in THF for 12 h at room temperature (Table 5). Reduc-
tion of N-Sulfinyl -chloro imines (RS)-19a,b with 2 equivalents of NaBH4 or  
9-BBN yielded -chloro sulfinamides (RS)-229a,b quantitatively with little forma-
tion of the ring closed product, i.e. aziridine 230a,b (<2%), while the reduction 
of N-sulfinyl -chloro imines (RS)-19a,b with LiBH4, LiBHEt3, DIBAL-H and LiAlH4 
afforded mixtures of -chloro sulfinamides (RS)-229a,b and N-tert-butylsulfinyl 
aziridines 230a,b, in a complex mixture. Deprotection of the N-sulfinyl group by 
the HCl liberated during the ring closing step was a common observed side reac-
tion complicating the spectrum. Full conversion of N-tert-butanesulfinyl -chloro 
imines (RS)-19 to -chloro sulfinamides (RS)-229a,b was observed if an excess 
of reducing agent was used in all cases except one. If NaCNBH3 (2 equivalents) 
was used, N-tert-butanesulfinyl -chloro imines (RS)-19a,b were recovered in 
51% and 66% yield, respectively, based on 1H NMR (Table 5, entry c and d). 
Consequently, the reduction of N-tert-butanesulfinyl imines (RS)-20 was tested 
for all reducing agents, apart from NaCNBH3.  





























a R1 = Me
b R1 = Et  
Entry Reducing agent R1 equiv Conversion of (RS)-19a (RS)-229:(RS)-230 
a NaBH4 Me 2 100 1 : 0 
b  Et 2 100 1 : 0 
c NaCNBH3 Me 2 49 1 : 0 
d  Et 2 34 1 : 0 
e LiBH4 Me 2 100b 4 : 1 
f  Et 2 100b 4.5 : 1 
g 9-BBN Me 2 100b 1 : 0 
h  Et 2 100b 1 : 0 
i LiBHEt3 Me 1.1 100b 1 : 2 
j  Et 1.1 100b 1 : 2 
k LiAlH4 Me 1.1 100b 1 : 4 
l  Et 1.1 100b 1 : 3 
m DIBAL-H Me 1.1 100b 1 : 1 
n  Et 1.1 100b 1 : 1 
a Determined by TLC and by 1H NMR. 
b Partial ring closure and subsequent N-sulfinyl deprotection occurred. 
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N-tert-Butanesulfinyl -chloro aldimines (RS)-19 were reduced in excellent yield  
to afford the corresponding -chloro tert-butanesulfinamides (RS)-229. In con-
trast, if N-tert-butanesulfinyl -halo ketimines 20 were reduced to -halo tert-
butanesulfinamides 34 or N-tert-butylsulfinyl aziridines 35 a stereogenic centre 
was formed, so two diastereomers could be formed.  
2.3. Reduction of -Halo Ketimines with Hydrides to 
the Corresponding -Halo Sulfinamides   
In a first attempt, reduction of N-tert-butanesulfinyl -chloro ketimine (RS)-20a 
was tried with NaBH4 (2 equivalents) in dry THF at room temperature for 12 h, 
affording -chloro sulfinamide (RS,S)-34a in 99% yield but in disappointing 
stereoselectivity (dr 58:42) (Table 6, entry a). The major diastereomer of the  
-chloro sulfinamide 34a formed after reduction of -halo ketimine 20a with 
NaBH4 was assigned as (RS,S)-34a by evaluation with known chiral aziridines in 
the literature (vide infra). As reported in Table 6, changing the time, the solvent 
and the amount of NaBH4 added, did result in a substantial improvement of the 
-chloro sulfinamide (RS,S)-34a formed. Shortening of the reaction from 12 h to 
1 h changed neither the yield nor the stereoselectivity of the reaction (Table 6, 
entry a and b). Enhanced diastereoselectivities were observed at reduced tem-
perature, but with substantial prolongation of the reaction time (Table 6, entry 
a-e). At 78 °C -chloro sulfinamide (RS,S)-34a was formed in 68% yield as a 
single enantiomer by treatment of N-tert-butanesulfinyl -chloro imine (RS)-20a 
with 2 equivalents of NaBH4 in THF for 7 hours. Surprisingly, as was found by a 
thesis student, the reaction rate was improved without loss of diastereo- 
selectivity by addition of small amounts of MeOH (Table 6, entry e-l).108 The  
reaction of -chloro imine (RS)-20a with 2 equivalents of NaBH4 in the presence 
of 10 equivalents of MeOH at 78 °C was finished within 1 hour, yielding 98% of 
sulfinamide (RS,S)-34a in 98:2-diastereoselectivity. It turned out that MeOH  
increased the reaction rate to a high extent without affecting the diastereo-
selectivity of the reaction performed. Notably, if the solvent was changed to 
MeOH, the solvent interaction on the reactive intermediate is borne out in the 
low diastereoselectivity obtained (Table 6, entry h).108  
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Table 6. Optimization of the Reduction of N-Sulfinyl -Chloro Imine (RS)-20a 













Entry NaBH4 equiv MeOH equiv Temp °C Time h Yield %a drb 
a 2 - rt 12 99d 58:42
b 2 - rt 1 97d 59:41
c 2 - -10 4 99d 64:36
d 2 - -50 5 74 91:9 
e 2 - -78 7 68 99:1 
f 2 0.5 -78 1 36 90:10
g 2 1 -78 1 59 96:4 
h 2 100 -78 1 98d 61:39
i 2c - -78 1 97d 51:49
j 0.5 10 -78 1 86 95:5 
k 1 10 -78 1 96d 97:3 
l 2 10 -78 1 98d 98:2 
a Determined by conversion of N-Sulfinyl -Chloro Imine (RS)-20a , measured by H NMR analysis. 
b Determined by NMR analysis of the reaction mixture. 
c The reaction was performed in methanol. 
d Determined by a mass balance of the reaction mixture.  
2.4. Ring Closure of -Halo Sulfinamides  
Hence, sulfinamide (RS,S)-34a was synthesized in 98% yield in excellent dia-
stereomeric ratio (98:2) in 1 h after addition of 2 equivalents of NaBH4 to N-tert-
butanesulfinyl -chloro imine (RS)-20a at 78 °C in the presence of 10 equiva-
lents of MeOH. Notably, chiral -halo sulfinamide (RS,S)-34a  formed was not ring 
closed to the corresponding aziridine (RS,S)-35a under the conditions used (2 
equivalents of NaBH4 in the presence of 2 equivalents of MeOH at -78 °C for 1 h 
in THF). Moreover, if the reaction temperature of the reduction of ketimine (RS)-
20a was allowed to rise to room temperature, after 1 hour reaction at 78 °C, 
no aziridine was formed. Further stirring at reflux temperature was insufficient to 
ring close the -halo sulfinamide (RS,S)-34a quantitatively to the corresponding 
N-tert-butylsulfinyl aziridine (RS,S)-35a . However, reduction of N-(2-chloro-1,2-
dimethylpropylidene)- tert-butanesulfinamide (rac)-20d with NaBH4 at -78 °C for 
1 h, and stirring for 12 h at room temperature in the presence of 3 equivalents of 
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K2CO3 afforded a complex reaction mixture from which cis-1- tert-butylsulfinyl-
2,3-dimethylaziridine 35d was isolated in 32% yield by flash chromatography 
and subsequent recrystallisation from Et2O. trans-1- tert-Butylsulfinyl-2,3-di-
methylaziridine was obtained with some major impurities and was therefore dis-
carded. The -chloro sulfinamides 34d were obtained as a 65:35 mixture of dia-
stereomers in 16% yield. The cis-configuration of aziridine 35d was established 
via DIFNOE experiments and by comparison of the coupling constants of the vici-
nal aziridine hydrogen atoms in 1H NMR (J 6.9 Hz) with the literature [Jvic(cis) = 









-78 °C, 1 h













1.5 and 1.8% J (1H NMR)
DIFNOE 
Scheme 79. Stereochemical Proof for cis-2,3-Dimethylaziridine 35d.  
Simple intramolecular nucleophilic displacement of the chloro atom by the nitro-
gen atom in -halo sulfinamide 34a would afford the corresponding N-tert-
butylsulfinyl aziridine 35a in one step, on the sole condition that the HCl liber-
ated could be trapped before deprotection of the N-sulfinyl group occurred. 
Strong bases, such as BuLi or NaH afforded aziridine 35a in a rather strict pro-
cedure (cooling and dry conditions were needed). Addition of 1.1 equivalents of 
BuLi at 78 °C and subsequent stirring for 1 h at room temperature provided 1-
tert-butylsulfinylaziridine 35a in 60% conversion based on the 1H-NMR spectrum 
(Table 7, entry a). Better results were obtained if NaH was used as a base under 
the latter conditions (Table 7, entry b). Heating of -chloro sulfinamide 229a for 
16 h in boiling MeCN in the presence of 3 equivalents of Et3N afforded 70% of 
the corresponding aziridine 230a (Table 7, entry c). Beneficial results were ob-
tained if -chloro sulfinamide 34a was stirred for 8 h with 3 equivalents of KOH 
in H2O/THF (1:1-ratio). Experimentally it was shown that sulfinamide 34a could 
also be quantitatively converted to the corresponding N-tert-butylsulfinyl 
aziridine 35a by stirring overnight (16 h) in boiling H2O/THF (1:1-ratio) in the 
presence of 3 equivalents of KOH (Table 7). Importantly, only one diastereomer 
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of 1- tert-butylsulfinyl-2,2,3-trimethylaziridine 35a could be observed in 1H NMR 
spectroscopy and/or HPLC. Thus, no epimerisation reaction occurred.  
Table 7. Ring Closure of Chiral -Chloro Sulfinamide 34a,229a by Treatment 








R1= Me, R2 = H; (RS)-229a







R1= Me, R2 = H; (RS)-230a
R1,R2 = Me;          (RS)-35a
Entry Sulfinamide Base equiv Temp °C time h Solvent Yield %a 
a   34a BuLi 1.1 -78 (rt) 1 (1) THF  35a 60 
b   34a NaH 1.1 -78 (rt) 1 (1) THF  35a 73 
c 229a Et3N 3 16 MeCN 230a 70
d   34a KOH 3 8 THF/H2O (1:1)  35a 87 
e   34a KOH 3 16 THF/H2O (1:1)  35a 99b 
a Conversion determined by NMR analysis of the reaction mixture. 
b Determined by a mass balance of the reaction mixture.  
2.5. Switchover of Diastereoselectivity During the 
Reduction Reaction with Hydrides  
The reducing agent was also altered from NaBH4 to LiBH4, 9-BBN, LiBHEt3, LiAlH4 
and DIBAL-H in order to examine the generality of the reduction reaction. Reduc-
tion of N-tert-butanesulfinyl -chloro ketimine (RS)-20a with 1.1 equivalents of 
LiAlH4 or DIBAL-H in dry THF at 78 °C afforded the resulting sulfinamide (RS,S)-
34a in combination with the N-tert-butylsulfinyl aziridine (RS,S)-35a in less then 
1 h in good yield (90-95%) but with disappointing selectivity (56:44-63:37 dr). 
Better results were obtained if ketimine (RS)-20a was reduced with 2 equivalents 
of 9-BBN or LiBH4 in THF at 78 °C for 1 h (88-93%; 70:30-81:19 dr). Reaction 
of ketimine (RS)-20a with 2 equivalents of LiBH4 in THF with additional MeOH did 
improve the outcome slightly but still was not competitive in comparison with the 
NaBH4-reduction.108 Better results were obtained if LiBHEt3 was used as a reduc-
ing agent. It was gratifying to observe that reduction of ketimine (RS)-20a with 
1.1 equivalents of LiBHEt3 in dry THF at 78 °C afforded -chloro sulfinamide 
(RS,R)-34a together with aziridine (RS,R)-35a ( 9:1-mixture) after 1 h in 87% 
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yield with 78:22 dr (Scheme 80). Most importantly, the stereoselectivity of the 




















































Scheme 80. Reversal of Stereofacial Attack in the Reduction of N-Sulfinyl  
-Chloro Imine (RS)-20a with NaBH4 vs. LiBHEt3.  
However, it has to be reported that the intermediate -halo sulfinamide (RS,R)-
34a could not be synthesized without partial ring closure to N-tert-butylsulfinyl 
aziridine (RS,R)-35a . Aziridine (RS,R)-35a was formed almost quantitatively 
(98% yield) after separate treatment of -halo sulfinamide (RS,R)-34a with 3 
equivalents of KOH in boiling THF/H2O (1:1) for 16 h. Recrystallisation from Et2O 
afforded N-tert-butylsulfinyl aziridine (RS,R)-35a as a single diastereomer in 
61% overall yield (Scheme 80). Thus, N-tert-butylsulfinyl aziridine (RS,R)-35a 
and (RS,S)-35a were synthesized separately in high yield and with excellent 
stereoselectivity, depending on the reducing reagent used. The hydride reduction 
was tested for its generality. Therefore, N-tert-butanesulfinyl -chloro imines 
(RS)-19,20 were treated with NaBH4 and LiBHEt3 under the conditions as opti-
mized before (vide supra). These results are listed in Table 8. 
Aldimines (RS)-19a,b were reduced with NaBH4 in excellent yields (>95%) to 
afford the corresponding -chloro sulfinamide (RS)-229 but crucially, all ket-
imines (RS)-20 were reduced to chiral -halo sulfinamides (RS,S)-34 in greater 
than 90% yield with excellent stereoselectivity (>95:5 dr) within 1 h at -78 °C in 
Results, Discussion and Perspectives 
  
76 
THF after addition of 2 equivalents of NaBH4 and 10 equivalents of MeOH. There-
fore, it was tried to purify the -halo sulfinamides (RS,S)-34e- i by flash chroma-
tography and subsequently, upon treatment with base, to further ring close  
sulfinamides (RS,S)- 34e- i to the corresponding aziridines (RS,S)- 35e- g.   










19 R2 = H
20 R2 = H
THF, N2-atm








(RS)-229 R2 = H
(RS,S)-34 R2 = H
1.1 equiv LiBHEt3
THF, N2-atm















a R2 = Me;           R1 = Me
b R2 = Me;           R1 = Et
c R2 = Me; R1,R1 = (CH2)5
e R2 = Ph;            R1 = H
f  R2 = 4-ClC6H4;    R1 = H
h R2 = 4-BrC6H4;    R1 = H
i  R2 = 4-BrC6H4;    R1 = H





a  R2 = H; R1 = Me  (X = Cl)





a Determined by NMR analysis of the isolated product. 
b Determined by a mass balance of the isolated product. 
c Yield determined by a mass balance of the isolated N-sulfinyl aziridine (RS,R)-35 after ring closure 
and subsequent recrystallisation from Et2O. 
d Determined by NMR analysis of the isolated product. 
e Determined by NMR analysis of the corresponding aziridine after ring closure. 
f Ref. 108  
However, it turned out that -halo sulfinamides (RS,S)-34e- i could only be puri-
fied by flash chromatography with major loss of product on the column (solvent 
Entry Substrate Reagent Product Ratio 34/35a Yield %b (%)c    drd 
a (RS)-19a NaBH4 (RS)-229a -   99     (95) -
b (RS)-19b NaBH4 (RS)-229b -   97     (95) -
c (RS)-20a NaBH4 (RS,S)-34a 1:0   98     (88) 98:2
d LiBHEt3 (RS,R)-34a/35a 9:1   87     (61) 78:22
e (RS)-20b NaBH4 (RS,S)-34b 1:0   92     (92) 99:1
f LiBHEt3 (RS,R)-34b/35b 18:1   80     (57) 80:20   
g (rac)-20c NaBH4 (rac)-34c 1:0   91      98:2
h (RS)-20e NaBH4 (RS,S)-34e 1:0   95     (90) >98:2e
i LiBHEt3 (RS,R)-34e/35e 5.5:1   81     (62) 87:13e
j (RS)-20f NaBH4 (RS,S)-34f 1:0   94f    (89) >98:2e
k LiBHEt3 (RS,R)-34f/35f 4:1   85f    (66) 89:11e
l (RS)-20h NaBH4 (RS,S)-34h 1:0   98f    (91) >98:2e
m LiBHEt3 (RS,R)-34h/35h 2.5:1   83f    (71) 92:8e
n (RS)-20i NaBH4 (RS,S)-34i 1:0   91f    (82) >98:2e
o LiBHEt3 (RS,R)-34i/35h 2.5:1   76f    (59) 90:10e
p (RS)-20g NaBH4 (RS,S)-34g 1:0   92     (90) >98:2e
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mixture petroleum ether/ethyl acetate 85:15). Partial ring closure and/or  
N-sulfinyl deprotection were major side reactions on the column. Addition of 2% 
of Et3N in the solvent mixture improved the isolated yield of sulfinamide (RS,S)-
34f from 25 to 36%.108 Since both diastereomers were partially overlapping in 
the 1H NMR spectra, and different rotamers were further complicating the spec-
trum, the diastereomeric ratio could not be accurately established for -halo 
sulfinamides (RS,S)-34e- i. Therefore the latter sulfinamides (RS,S)-34e- i were 
further ring closed to N-tert-butylsulfinyl 2-arylazirines (RS,S)-35e- g to obtain 
the diastereomeric ratio by 1H NMR analysis. The diastereomeric ratio of the  
N-tert-butylsulfinyl aziridines (RS,S)- 3 5 e-g obtained after separate treatment 
with base turned out to be greater than 90:10 dr (Table 8). Thus, both aliphatic 
and aromatic -halo sulfinamides (RS,S)-34 were synthesized in high yield 
(>90%) and stereoselectivity (>90:10 dr) by treatment of N-tert-butanesulfinyl 
-halo imines (RS)-20 with 2 equivalents of NaBH4 for 1 h at 78 °C in THF, with 
little MeOH as cosolvent. Noteworthy, if 1- tert-butylsulfinyl-2-phenylaziridine 
(RS,S)-35e was stirred for 4 more days in refluxing H2O/THF (1:1-ratio), in the 
presence of 3 equivalents of KOH, no epimerisation was observed after workup 
as judged by 1H NMR spectroscopy. All N-tert-butylsulfinyl aziridines 35 were 
synthesized quantitatively from -halo sulfinamides 34 by reflux overnight (16 h) 
in THF/H2O (1:1-ratio) in the presence of 3 equivalents of KOH. 
Aziridines (RS,R)-35 were synthesized via a two-step procedure starting from the 
corresponding ketimines (RS)-20. Reduction of the latter N-tert-butanesulfinyl  
-halo ketimines (RS)-20 with LiBHEt3 in THF for 1 hour at -78 °C, followed by 
treatment with 3 equivalents of KOH in boiling THF/H2O (1:1-ratio) for 16 h, af-
forded aziridines (RS,R)-35 in good yield (76-85%) with high diastereoselectivity 
(78:22-92:8 dr). Recrystallisation from Et2O of the enantioenriched N-tert-
butylsulfinyl aziridines (RS,R)-35 formed, resulted in the isolation of the pure  
N-tert-butylsulfinyl aziridines (RS,R)-35 in 86-96% yield (Table 8). 
Apparently, simultaneously with our research Coyler et al. investigating the  
reduction of non-functionalized N-sulfinyl imines.37 The reduction of N-tert-
butanesulfinyl ketimines with 3 equivalents of NaBH4 proceeded in high yield with 
good diastereomeric excess in wet THF (with 2% of water). It has been described 
that the temperature was allowed to rise from 50 °C to room temperature over 
3 h time.37 These results are in accordance with our findings, but it seems that 
the vicinal halogen atom is activating the imino bond. If N-tert-butanesulfinyl 
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-chloro imine (RS)-20a is reduced by means of 2 equivalents of NaBH4 in THF 
with 10 equivalents of MeOH at 50 °C a reduced diastereomeric excess, com-
pared to the reduction at 78 °C, was observed. Also, the reduction of -chloro 
imine (RS)-20a was terminated within 40 minutes at 78 °C, whereas the reduc-
tion of N-(1,2,2-trimethylethylidene)-tert-butanesulfinamide has been reported 
to be completed only after 3 hours at higher temperature. Noteworthy, whereas 
aziridine (RS,S)-35a , obtained after the reduction of N-tert-butanesulfinyl  
-chloro ketimine (RS)-20a with NaBH4 in THF with 10 equivalents MeOH as 
cosolvent, are synthesized in better yields and stereoselectivities as compared to 
the aziridines (RS,R)-35a , synthesized by reaction of ketimines (RS)-20a with 
LiBHEt3, an inversed reactivity trend is reported by Coyler et al. for non-
functionalized N-tert-butanesulfinyl imines (Scheme 81).37 It has been reported 
that the reduction of the latter imines, such as N-(1-phenylethylidene)-tert-
butanesulfinamide (RS)-16d in wet THF (2% H2O) afforded N-(1-phenylethyl)-
tert-butanesulfinamide (RS,R)-63d in 80% yield with 74% diastereoselectivity 
(Scheme 81). The opposite C-epimer (RS,S)-63d was obtained in 82% yield with 
84% diastereoselectivity after reduction of imine (RS)-16d with L-Selectride in 
dry THF. N-(2-Chloro-1-phenylethylidene)-tert-butanesulfinamide (RS)-20e, the 
-chloro analogue of the latter imine (RS)-16d was reduced with NaBH4 under 
the optimized conditions as mentioned before, yielding 95% of N-(2-chloro-1-
phenylethyl)-tert-butanesulfinamide (RS,S)-34e with excellent diastereomeric 
ratio (>98:2). However, reduction of N-tert-butanesulfinyl -chloro imine 20e 
with superhydride never yielded aziridine (RS,R)-35e after ring closure, in 
greater then 87:13 diastereomeric ratio. Thus, the vicinal chloro atom has a con-
tribution in both the reactivity and stereoselectivity of the reaction. 
In the literature, a one-step reductive amination of acetophenone, after coupling 
with (RS)-tert-butanesulfinamide, was performed with NaBH4 without inter-
mediate workup of imine 1 6 has already been described to proceed in 83% yield 
with 92:8 diastereoselectivity over longer periods of time if no Lewis acid was 
present.35 Also, the condensation reaction of (RS)-tert-butanesulfinamide with 
ketones, in the presence of 2 equivalents of Ti(OEt)4, and subsequent reduction 
with 2 equivalents of NaBH4 was described to proceed with improved yield (97%) 
and diastereoselectivity (98:2) with excess of Ti(OEt)4 as Lewis acid present.35 
Noteworthy, the reaction time was significantly reduced. It was rationalized that 
this effect stems from the Lewis acid activity of the water scavenger present.  
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Scheme 81. Reversal of Stereofacial Attack in the Reduction of Sulfinimines.  
Here, we found that minor traces of alcohol, which are also released during the 
formation of the N-sulfinyl imine, have a major contribution to the reaction rate. 
This effect can be rationalized by the improved solubility of the reducing agent in 
an alcoholic solvent. This hypothesis was tested by comparison of the reaction 
rate of the reduction with NaBH4 in THF with alcoholic cosolvent or after addition 
of Ti(OEt)4. Hence, 2 equivalents of NaBH4 were allowed to react with imine (RS)-
20e (R2 = Ph) in THF at 78 °C with 10 equivalents of ethanol as cosolvent for 1 
h before aqueous workup. These results were compared with the reductive ami-
nation of 2-chloroacetophenone under the latter conditions but in the presence of 
2 equivalents of Ti(OEt)4 (condensation of 2-chloroacetophenone with (RS)-tert-
butanesulfinamide with 2 equivalents of Ti(OEt)4 in dry THF and subsequent ad-
dition of 2 equivalents of NaBH4 at 78 °C for 1 h). Thus, in the latter reaction 
mixture both Ti(OEt)4 and EtOH were present. After 1 hour both reaction mix-
tures afforded the crude -chloro sulfinamide (RS,S)-34e, which was further ring 
closed to the corresponding aziridine (RS,S)-35e by separate treatment with 3 
equivalents of KOH. In both reactions the yield and the stereoselectivity were 
higher then 90%. Slightly better yields were obtained if imine (RS)-20e was re-
duced in THF with methanol as cosolvent, probably due to the lack of an extra 
filtration step needed during workup. Yet, the synthesis of -halo sulfinamide 34 
could potentially be achieved in dry THF without isolation of the ketimine (RS)-20 
intermediate. Even more, addition of an excess of KOH in H2O would, after re-
flux, afford the corresponding N-tert-butylsulfinyl aziridine 35 in a fast procedure 
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without intermediate workup. Therefore 2-chloroacetophenone 201e was reacted 
with 1 equivalent of (RS)-tert-butanesulfinamide and 2 equivalents of Ti(OEt)4 in 
boiling THF for 48 h under N2-atmosphere. Then the reaction mixture was cooled 
to 78 °C before 2 equivalents of NaBH4 were added in one portion. -Halo  
sulfinamide (RS,S)-34e was synthesized in high yields when checked for by TLC. 
Thus, the reaction mixture was allowed to warm to room temperature before H2O 
and 3 equivalents of KOH were added. Due to the suspension of the titanium 
species formed, a ten-fold amount of solvent was needed (THF:H2O 1:1-
mixture). Stirring for 12 more hours at reflux temperature afforded aziridine 
(RS,S)-35 in 51% yield as a single diastereomer. Better results were obtained if 
the intermediate sulfinamide (RS,S)-34e was isolated. After removal of the tita-
nium species formed and addition of 3 equivalents of KOH in H2O/THF (1:1-
mixture) N-tert-butylsulfinyl aziridine (RS,S)-35e was formed in 95% yield with 
>98:2 diastereoselectivity. 
Yields and diastereoselectivities of the reductive amination reaction with NaBH4 
were comparable with the results obtained in a two-step procedure. Due to the 
reactivity of LiBHEt3 in protic solvents the one-pot synthesis of -halo sulfinamide 
(RS,R)-34 was not executed.  
2.6. Configurational and Conformational Background  
The stereochemistry of aziridines 35 was checked by comparison of 1- tert-
butylsulfinyl-2-phenylaziridine 35e with literature values (Scheme 82).79b,c 
Hence, it was found that N-sulfinyl aziridines (RS,S)-35 were synthesized via re-
duction of N-tert-butanesulfinyl -halo ketimines 20 with NaBH4, while N-sulfinyl 












THF, -78 °C, 1 h
1.1 equiv LiBHEt3
THF, N2-atm











D = -335 
(c 0.6, CHCl3)
D = +310 
(c 0.6, CHCl3) 
D (RS,R)-35e =  -320 (c 0.5, CHCl3) 
D (RS,S)-35e =  +298 (c 0.88, CHCl3)
Lit.: ref 78c       
ref 78b
A) A)
B) B)  
Scheme 82. Comparison of the Optical Rotation of 1- tert-Butylsulfinyl-2-phenyl-
aziridine 35e with the Literature. 
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The origin of the reversal of diastereofacial attack upon changing the reducing 
agents from NaBH4 to lithiated hydride species was explained very recently by 
Colyer et al. via a cyclic transition state (TTS) in the former case (NaBH4) and an 
open transition state for the latter reduction (LiBHEt3).37 Due to the incorporation 
of one extra functional group, slightly more complex transition states are pro-
posed in the present manuscript for the reduction of N-sulfinyl -halo ketimines. 
Hence, if the sulfinyl oxygen atom participates in the delivery of the hydride 
(NaBH4 reduction, Figure 7, 81), the chloro atom is considered to complex also 
with the reducing agent, inducing a flip of the haloalkyl substituent in the Zim-
merman-Traxler TTS from the equatorial to the axial position. An identical 
switchover of stereoselectivity has already been observed for -functionalized 
substituents (F, BnO, TMSO), next to the imino function.40a,41a,51a,124d 
More reactive reagents, such as LiBHEt3 react too fast with N-tert-butanesulfinyl 
ketimines (RS)-20 to allow the haloalkyl substituent to flip to an axial position 
(Figure 7, 70). An open transition state, with the halogen atom in an -position 
of the imino function is not considered. Starting from the Cram-chelate model a 
Re-face attack is favoured. Thus this would be a secondary possible intermediate 
























X = Cl, Br  
Fig. 7 Proposed Transition States for the Reduction of Ketimine (RS)-20. 
2.7. N-Sulfinyl Deprotection via Treatment with Acid  
The chiral N-tert-butylsulfinyl aziridines (RS,S)-35 and (RS,R)-35 could be depro-
tected by simple treatment with a saturated solution of dry HCl in dioxane. Stir-
ring of 5 mmol of aziridine 35 with 5 mL of saturated 1,4-dioxane.HCl for 15 
minutes at room temperature in dry diethyl ether afforded the aziridinium chlo-
ride salts 37 in high yield (90-95%) and purity (90-95%) (Scheme 83). 
In conclusion, it has been demonstrated that chiral aziridines are formed in high 
yields with excellent, predictable diastereofacial control via reduction of N-sulfinyl 
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-halo imines. Depending on the reagent used both C-epimers of N-tert-
butylsulfinyl aziridines were formed separately. For one epimer the intermediate 
-halo N-sulfinamide could be isolated. Further treatment with base afforded 
chiral N-tert-butylsulfinyl aziridines in quantitative yields. The latter compounds 
were further deprotected to the corresponding aziridinium salts.                
Scheme 83. N-Sulfinyl deprotection of aziridines 35 in 1,4-dioxane.HCl/Et2O.  
3. Addit ion to N- tert-Butanesulfinyl - Halo I m ines: 
Carbon Nucleophiles 
3.1. Introduction  
-Halogenated imines have received considerable attention as versatile interme-
diates for the synthesis of biologically active compounds. The simple synthesis of 
-halo imines from the corresponding readily available -chloro aldehydes and 
the subsequent cyclisation, after a nucleophilic addition reaction, to azaheterocy-
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R = H, alkyl, aryl 




203 231 232 233  
Scheme 84. The Straightforward Aziridine Synthesis from -Halo Aldimines 231.  
Even though these -halogenated imines have found wide application, their use 
is not without problems (vide supra). The search for a chiral N-protective group 
activating the imino function for nucleophilic addition in a diastereofacial way and 
its easy removal after reaction, under mild conditions, is of interest to synthesize 
a variety of compounds.The chiral sulfinyl group offers a solution for the stereo-
selective addition reaction, but much work needs to be done. Moreover, Lewis 


























Scheme 85. Stereoselective Addition Reaction of Carbon Nucleophiles to N-tert-
Butanesulfinyl Imines 16.22,32  
It is reported that the enhanced stereoselectivity can be attributed to the forma-
tion of a six-membered ring transition state 70, with the metal cation coordi-
nated to the oxygen atom of the sulfinyl group and the Lewis acid complexed to 
the nitrogen atom.22 So, the bulky tert-butyl group must occupy the less hin-
dered equatorial position, resulting in a preferential Si-face attack. Complexation 
of AlMe3 with the nitrogen lone pair activates the imino function for nucleophilic 
attack and makes the six-membered transition state more rigid (Scheme 85). 
The formation of this cyclic transition state can be disfavored by solvent 
effects,39e the metal counter ion used,39d,f,40b,d or by the Lewis acids added. Also, 
stereogenic centres present in the molecule can open the cyclic transition 
state.39j Under these conditions an altered facial attack, proceeding via the open 
Felkin-Ahn model 7 4 , is observed (Scheme 19).  








































Scheme 19. Intermediate Transition States upon Addition of Carbon Nucleophiles 
to N-tert-Butanesulfinyl Aldimines (RS)-15.22,32  
The straightforward stereoselective synthesis of aziridines 35 via N-sulfinyl  
-halo imines 19,20 has not been described before (Scheme 86). The above 
methodology with N-sulfinyl -halo imines 19,20, carrying a chiral (RS)-tert-
butanesulfinyl group at nitrogen, will be worked out herein to the chiral synthesis 
of aziridines. The addition of Grignard reagents across sulfinimines has been well 
documented over the years (Literature Review, 3.2.1). However, the influence on 
the stereoselectivity of a hetero atom in -position of the imino function may not 
be underestimated. Incorporation of chelating groups in -position of the imino 
function has already proven to alter the diastereoselectivity during 1,2-addition 
reactions (Literature Review, Chapter I.3.2.1).  
As compared to the reduction with hydride, also chiral 2-H aziridines will be syn-
thesized via the Grignard addition upon chiral sulfinyl aldimines 19. As a result, 
both strategies may be used complementary. It may be interesting to deprotect 
the intermediate chiral -halo sulfinamide 34. This - functionalized chiral amine 
can also be used as an intermediate building block, allowing further modification 
to chiral -amino alcohols, -amino alcohols chiral amines,
  













































Scheme 86. The Stereoselective Synthesis of Aziridines 35 via N-Sulfinyl -Halo 
Aldimines 19. 
3.2. Reaction of N-Sulfinyl -Halo Imines with  
Organolithiums 
3 . 2 . 1 R e a ct i o n O p t i m i z a t i o n   
The 1,2-addition of organolithium reagents to N-tert-butanesulfinyl -chloro 
aldimines 19 was next explored for the synthesis of , -dibranched -chloro 
sulfinamides 34 and N-tert-butylsulfinyl aziridines 35.  
First, 2 equivalents of BuLi were added to N-sulfinyl -chloro imine (rac)-19a in 
THF at 78 °C and stirred for 4 hours at this temperature before the temperature 
was raised to room temperature and stirring was continued for 12 hours. A com-
plex reaction mixture was obtained in which no trace of the corresponding sulfin-
amide was observed (Table 9, entry a). Change of time (Table 9, entries b-e) 
and temperature used did result in the synthesis of , -dibranched -chloro 
sulfinamide 34j, albeit in an inseparable mixture of diastereomers, even after 
tedious flash chromatography (petroleum ether/EtOAc 3:1-mixture Rf 0.15). Bet-
ter results were obtained if AlMe3 (1.1 equiv) was complexed with N-sulfinyl  
-chloro imine (rac)-19a in advance (entry f-h). The latter complex was then 
added dropwise to an 0.5 M toluene solution of BuLi at -78 °C and allowed to stir 
at -78 °C (Table 9, entries f-h). Subsequent stirring at room temperature re-
sulted in the degradation of the , -dibranched -chloro sulfinamide 34j formed 
(Table 9, entries i-k). The best result was obtained when N-sulfinyl -chloro 
imine (RS)-19a  was complexed with AlMe3 (1.1 equiv) in advance and was stirred 
for 1 h at -78 °C in dry toluene, after inverse addition to 1.1 equivalents of BuLi 
(Table 9, entry h).  
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Table 9. Reaction Optimization for the 1,2-Addition Reaction of BuLi to N-Sulfinyl 



























Entry RLi [equiv] AlMe3 (equiv) Temperature °C time h 34j (%)a [dr]b  
a BuLi [2]    AlMe3 (0) -78 (20) 4  (12)  (-)          [-] 
b BuLi [2]    AlMe3 (0) -78 (20) 1  (12)  (-)          [-] 
c BuLi [2]    AlMe3 (0) -78 4 (45)d    [60:40] 
d BuLi [2]    AlMe3 (0) -78 1 (48)d    [60:40] 
e BuLi [1.1] AlMe3 (0) -78 1 (51)d    [60:40] 
f BuLi [1.1] AlMe3 (0) -78c 1 (59)d    [70:30] 
g BuLi [1.1] AlMe3 (3) -78c 1 (32)     [85:15] 
h BuLi [1.1] AlMe3 (1.1) -78c 1 (54)     [85:15] 
i BuLi [1.1] AlMe3 (1.1) -78c (20) 1  (12)  (-)           [-] 
j BuLi [1.1] AlMe3 (1.1) -78c (20) 1    (4)  (5)          [-] 
k BuLi [2]    AlMe3 (1.1) -78c (20) 1 (0.1) (43)     [85:15] 
a yield of purified , -dibranched -chloro sulfinamide (rac)-34j after flash chromatography. 
b determined on the 1H NMR spectrum of the crude reaction mixture. 
c addition of N-sulfinyl -chloro imine (RS)-19a  to BuLi, dissolved in toluene (0.5 M). 
d mixture of diastereomers.  
The 85:15-diastereomeric mixture of compounds isolated furnished a colourless 
oil of pure , -dibranched -chloro sulfinamide 34j in 54% yield after flash 
chromatography (petroleum ether/EtOAc 3:1-mixture Rf 0.15). Moreover, if an 
excess of BuLi was used (2 equiv), no N-tert-butylsulfinyl aziridine was formed at 
-78 °C but a complex reaction mixture was obtained when stirred for only 10 
minutes at room temperature. 
From this mixture, no N-tert-butylsulfinyl aziridine 35h could be isolated after 
flash chromatography. When checked for by 1H NMR, most systems appeared as 
multiplet or singlet around 1-3 ppm in the spectrum. Herein, no aziridine was 
detected.  
3 . 2 . 2 R e a ct i o n o f - H a l o A l d i m i n e s w i t h R Li  
The addition of various organolithium reagents (MeLi, PhLi, Ph-C CLi, TMS-C CLi) 
to N-sulfinyl -chloro aldimine (rac)-19a,b proceeded with diverse results when 
performed under the conditions as optimized before. 
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Whereas the 1,2-addition of PhLi (1.1 equivalents, inverse addition) in the pres-
ence of 1.1 equivalents of AlMe3 resulted at -78 °C (1 h) in the formation of a 
black oil in which no addition products were present, MeLi had to be stirred at  
-78 °C (1 h) and consecutively at room temperature (12 h) to obtain a 25:75-
mixture of , -dibranched -chloro sulfinamide 34a and N-tert-butylsulfinyl 
aziridine 35a in a 88:12-mixture of diastereomers (Table 10, entry d). Aziridine 
35a was isolated in 41% yield after flash chromatography. Reaction of MeLi with 
aldimine (rac)-19b gave also a mixture of compounds from which the major di-
astereomer of the corresponding aziridine was isolated in 33% yield after flash 
chromatography (Table 10, entry e). 
Reaction of N-sulfinyl -chloro aldimine (rac)-19a with 2.5 equivalents of phenyl-
ethynyllithium in dry toluene afforded the corresponding , -dibranched -chloro 
sulfinamide 34l in reasonable stereoselectivity (75:25) but in very low yield 
(<10%) when stirred for 1 hour at -78 °C. Reproduction of the reactions with 
phenylethynyllithium or trimethylsilylethynyllithium for 4 h at -78 °C and 12 h at 
ambient temperature, a mixture of products was obtained from which the , -
dibranched -chloro sulfinamide 34l,m and N-tert-butylsulfinyl aziridine 35j 
were isolated after flash chromatography (Table 10, entries h,j). If the Lewis acid 
was altered from AlMe3 to BF3.OEt2 the starting material was recovered in 63% 
yield and the diastereomeric excess of the , -dibranched -chloro sulfinamide 
34l formed dropped from 50 to 20 de. During flash chromatography the , -
dibranched -chloro sulfinamide 34l and N-tert-butylsulfinyl aziridine 35k were 
only isolated as an inseparable mixture of compounds.  
It has to be reported that some results were obtained but that both the tempera-
ture control and the addition rate of the compound to the organolithium reagent 
had a tremendous influence on the reaction outcome in general and the stereo-
selectivity in specific. Tedious flash chromatography (up to three times) was nec-
essary to purify some of the reaction mixtures. Therefore, a better procedure for 
1,2-additions of organometallic reagents had to be found.         
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R = Me (rac)-19a
R = Et   (rac)-19b
R = Me, R' = Bu            (rac)-34j
R = Me, R' = Ph            (rac)-34k
R = Me, R' = Me           (rac)-34a
R = Me, R' = PhC  C    (rac)-34l
R = Me, R' = TMSC  C (rac)-34m
R = Et, R' = Me             (rac)-34b
R = Et, R' = PhC  C      (rac)-34n
rt
R = Me, R' = Bu           (rac)-35h
R = Me, R' = Ph            (rac)-35i
R = Me, R' = Me           (rac)-35a
R = Me, R' = PhC  C    (rac)-35j
R = Me, R' = TMSC  C (rac)-35k
R = Et, R' = Me             (rac)-35b
R = Et, R' = PhC  C      (rac)-35l
Entrya R Li       [equiv] LA (equiv) Temp °C time h 34/ 35 (%)b [dr]c 
a Ph          [1.1] AlMe3 (1.1) -78 1   34k      (-) - 
b Ph          [1.1] AlMe3 (0) -78 1   34k      (-) - 
c Me          [1.1] AlMe3 (1.1) -78 1   34a      (6) - 
d Me         [1.1] AlMe3 (1.1) -78 (20) 1 (12)   35a    (41) 88:12 
ea Me          [1.1] AlMe3 (1.1) -78 (20) 1 (12)   35b    (33) 80:20 
f PhC C-    [2.5] AlMe3 (1.1) -78 1   34l   (<10)c 75:25 
g PhC C-    [2.5] BF3.OEt2 (2) -78 (20) 4 (12)   34l   (<10) c 60:40 
h PhC C-    [2.5] AlMe3 (1.1) -78 (20) 4 (12)   35j     (24)  75:25 
ia PhC C-    [2.5] AlMe3 (1.1) -78 (20) 4 (12)   35l      (27)d 75:25 
j TMSC C- [2.5] AlMe3 (1.1) -78 (20) 4 (12)   34m    (25) 70:30 
a reaction with N-sulfinyl -chloro aldimine (rac)-19b. 
b product obtained after flash chromatography. 
c determined on the 1H NMR spectrum of the crude reaction mixture. 
d minor diastereomer of aziridine 35l is also obtained in 12% yield.   
3 . 2 . 3 R e a ct i o n o f Ke t i m i n e 2 0 d w i t h R Li   
For completeness the addition of various organolithium reagents (BuLi, Ph-C CLi, 
TMS-C CLi) to N-sulfinyl -chloro ketimine (rac)-20d were evaluated. This imine 
was chosen for its beneficial ring closing abilities as compared to the N-sulfinyl  
-chloro methylketimines (rac)-20a- c used. Due to the terrible results obtained 
in the 1,2-addition reaction of PhLi with N-sulfinyl -chloro aldimine (RS)-19a 
this experiment was dropped for obvious reasons. Also, upon addition of MeLi to 
N-sulfinyl -chloro ketimine (rac)-20d an , -gem-dimethyl -chloro sulfin-
amide, or the corresponding 2,2-dimethylaziridine, would be obtained. Due to its 
symmetry no stereoselectivity could be checked for. Thus, also this experiment 
was not performed.  
In contrast, complexation of 1.1 equivalents of AlMe3 with N-sulfinyl -chloro 
ketimine (rac)-20d prior to inverse addition to BuLi (1.1 equivalents) in dry tolu-
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ene afforded a mixture of the corresponding , , - tribranched -chloro sulfin-
amide and its aziridine 39a already after 1 h at -78 °C. Therefore the reaction 
was restarted under the same conditions but was stirred for 1 h at -78 °C and 1 
h at room temperature (Scheme 87). From this complex mixture no , , -
tribranched -chloro sulfinamide was observed when checked for by 1H NMR 
spectroscopy. Via flash chromatography only one diastereomer of aziridine 39a 
was obtained as a pure product (Petroleum ether/EtOAc 4:1 Rf 0.25) in 32% 
yield. Its C-3 epimer was obtained with some impurities. Due to the complexity 
of the 1H NMR spectrum the diastereoselectivity could only be estimated to be 
75:25. DIFNOE experiments showed that the stereoisomer isolated after flash 































Scheme 87. The Stereoselective Synthesis of Aziridine 39a via BuLi Addition to 
N-Sulfinyl -Halo Ketimine 20d.  
Also the reactions with phenylethynyllithium or trimethylsilylethynyllithium were 
executed as tested before. After inverse addition of 1 equivalent of N-sulfinyl  
-chloro ketimine (rac)-20d and 1.1 equivalents of AlMe3 to 2.5 equivalents of 
ethynyllithium at -78 °C in dry toluene the reaction mixture was allowed to stir 
for 4 h at this temperature and 12 h at ambient temperature. With phenylethynyl 
lithium as the reagent of choice a 6:6:44:44-mixture of aziridines was obtained 
from which N-tert-butylsulfinyl trans-2,3-dimethyl-2-(phenylethynyl)aziridine 
39b was isolated after flash chromatography (petroleum ether/EtOAc 4:1 Rf 
0.25) and subsequent recrystallisation from Et2O/EtOAc (7:1) in 33% yield 
(Scheme 88). Reaction of trimethylsilylethynyllithium with -chloro ketimine 
(rac)-20d afforded a 18:18:32:32-mixture of , , - tribranched -chloro sulfina-
mide 3 8 b. One diastereomer of , , - tribranched -chloro sulfinamide 3 8 b was 
obtained as a pure product after flash chromatography (petroleum ether/EtOAc 
4:1 Rf 0.14) in 21% yield but its stereochemistry could not be revealed by DIF-
NOE, comparison with the literature or by ring closure. 






2.5 equiv R'C CLi
1.1 equiv AlMe3
toluene 

























2.5 equiv R'C  CLi
1.1 equiv AlMe3
toluene 


























Scheme 88. The Stereoselective Addition of R C CLi (R = Ph, Me3Si) across  
N-Sulfinyl -Halo Ketimine 20d. 
3 . 2 . 4 Co n f i g u r a t i o n a l a n d Co n f o r m a t i o n a l 
Ba ck g r o u n d  
Aziridines 35a,b were isolated from the 1,2-addition reaction of MeLi with  
-chloro aldimines (rac)-19a,b after flash chromatography. Both diastereomers 
of the latter aziridine were also synthesized via reduction of -chloro methylket-
imine with NaBH4 or LiBHEt3 and subsequent ring closure with KOH (Scheme 89).  
Comparison of these results showed that (Rs,S)-aziridine 35a was the major di-

















(RS,R)-35a 1H NMR (MeCH) = 2.54 ppm
(RS,R)-35b 1H NMR (MeCH) = 1.88 ppm
2 equiv NaBH4
10 equiv MeOH
THF, -78 °C, 1 h
1.1 equiv LiBHEt3
THF, N2-atm









(RS,S)-35a 1H NMR (MeCH) = 2.32 ppm
(RS,S)-35b 1H NMR (MeCH) = 2.29 ppm
a R = Me




























1H NMR (MeCH) = 2.32 ppm
1H NMR (MeCH) = 2.29 ppm
(SS,R)-35a 
(SS,R)-35b(33-41 %)  
Scheme 89. Determination of the Absolute Configuration of Aziridines 35a,b. 
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This configuration is in line with the one that is predicted via the chelation-
controlled transition state A (Figure 8), which is the general intermediate pro-
posed for non-functionalized N-sulfinyl imines.22,23,32 Keeping in mind that these 
1,2-addition reactions were quite difficult to handle an alternative transition state 
may also be formed or is interfering with transition state A (TTS A). A Cram-
chelate transition state (TTS B) can be proposed or a modified Zimmermann-
Traxler ring with the steric group pointing away from the Lewis acid AlMe3 (TTS 




























Fig. 8 Proposed Transition States for the 1,2-Addition Reaction of Organolithium 
Reagents upon Aldimines (rac)-19.  
3.3. Reaction of N-Sulfinyl -Halo Aldimines with 
Grignard Reagents 
3 . 3 . 1 R e a ct i o n O p t i m i z a t i o n  
N-Sulfinyl -chloro aldimines (RS)-19 were synthesized via condensation of  
-chloro aldehydes 203 (1.1 equivalents) with (RS)-tert-butanesulfinamide in the 
presence of 2 equivalents of Ti(OEt)4 in THF under reflux (vide supra). 
Upon treatment of N-sulfinyl -chloro imine (RS)-19a with 2 equivalents of 
EtMgBr in dichloromethane at 78 °C for 4 hours and subsequent stirring for 12 
hours at ambient temperature, 3-ethylaziridine 35m was formed in modest yield 
(46%) and diastereoselectivity (dr 70:30) (Table 11, entry a).  
The temperature effect was of great importance for both the yield and stereo-
selectivity of the addition reaction. Reaction of aldimine (RS)-19a with 2 equiva-
lents of PhMgCl for 4 h at 78 °C and subsequent stirring at room temperature 
for 12 h yielded a complex reaction mixture from which only traces of the desired 
2-phenylaziridine 35i were obtained next to some of the corresponding arylated 
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chloro N-sulfinamide 34k. At higher temperatures (-20 °C) side reactions be-
came even more important and it was a major drawback if PhMgCl was used as 
the reagent of choice. In contrast, if the Grignard reagent was added at 97 °C 
and the reaction mixture was allowed to react further at 78 °C for 5 h a very 
clean addition reaction yielded chloro N-sulfinamide (RS,R)-34k. No traces of 
the corresponding aziridine (RS,R)-35i were detected under these conditions. 
By lowering the excess of Grignard reagent, the yields of chloro sulfinamide 
(RS,R)-34k improved. Even more, the diastereoselectivity was also slightly  
improved (Table 11, entries a-e). A lower diastereoselectivity was obtained in 
ethereal solvents, such as THF or diethyl ether. The use of non-coordinating sol-
vents such as dichloromethane or toluene resulted in better diastereoselectivities 
(Table 11, entries f-i).  


















R' = Ph; (RS,R)-34k
R' = Et; (RS,R)-34o
R' = Ph; (RS,R)-35i
R' = Et; (RS,R)-35m 
a Determined by a mass balance after chromatography. 
b Determined by NMR analysis of the reaction mixture.  
c Followed by stirring at room temperature for 12 h. 
d Addition of the Grignard reagent at 97 °C. 
e Determined by a mass balance of the reaction mixture.  
The best results were obtained if 1.1 equivalents of Grignard reagent were al-
lowed to react with aldimine (RS)-19a in dichloromethane at 78 °C for 4-5 h. 
Though the addition of PhMgCl was preferred at 97 °C, these low temperature 
conditions were not required for the addition reaction of EtMgBr, vinylMgBr and 
Entry R (equiv) Solvent t (h) [°C] Product Yield %a (dr)b 
a Et (2.0) CH2Cl2 4 [-78]c  35m 46  (70:30) 
b Ph (2.0) CH2Cl2 1 [-78]d 34k 43    (98:2) 
c Et (2.0) CH2Cl2 4 [-78] 34o 73  (88:12) 
d Ph (1.1) CH2Cl2 5 [-78]c,d 34k 82    (99:1) 
e Et (1.1) CH2Cl2 4 [-78]c 35m 95e   (96:4) 
f Et (1.1) toluene 4 [-78] 34o 94e   (95:5) 
g Et (1.1) THF 4 [-78] 34o 92e (72:28) 
h Et (1.1) Et2O 4 [-78] 34o 96e (78:22) 
i Et (1.1) CH2Cl2 4 [-78] 34o 95e   (96:4) 
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AllylMgCl (Scheme 90). Upon treatment of (RS)-19a with the Grignard reagent 
under the former conditions, chloro N-sulfinamides (RS,R)-34 were isolated in 
high yield (82-99%) and diastereoselectivity (62:38-99:1) (Scheme 90). Reac-
tion of AllylMgCl with (RS)-19a afforded chloro N-sulfinamide (RS,R)-34q in 
99% yield but as a (62:38)-mixture of diastereomers (Scheme 90). Both di-
astereomers were separated by flash chromatography after further ring closure 
(vide infra) to the aziridines (RS,R)-34q and (RS,S)-34q in 57% and 10% yield, 
respectively. Notably, addition of i-PrMgCl to (RS)-19a at 97 °C and reaction at 
78 °C resulted in the reduction of the imino function affording the reduced -

















A) -78 °C, 4 h
B) -97 °C, 1 h     
-78 °C, 5 h
1.1 equiv R'MgX
-78 °C            rt
3 equiv KOH
THF:H2O (1:1)
(82%) [99:1]  
(95%) [96:4]    















-97 °C, 1 h














R' = Et 
R' = Vinyl 























R' = Ph 
R' = Et 
R' = Vinyl 
R' = Allyl  
Scheme 90. Stereoselective Aziridination of Imine (RS)-19a .  
Noteworthy, if 1.1 equivalents of vinylMgBr were allowed to react with aldimine 
(rac)-19a in dichloromethane at 78 °C for 4 h, chloro N-sulfinamide 34p was 
isolated in high yield (92%) but some unsaturated side product was present in 
very small amounts. It was rationalized that the excess of vinylMgBr did react 
with aziridine 35n (Scheme 91). At first it was not clear whether the attack at 
the aziridine occurred via an SN2- or SN2 -type mechanism. Direct SN2-attack of 
VinylMgBr at the aziridine would give rise to sulfinamide 71a. However, diene 
71b may be formed by an SN2 -type attack of the organometallic reagent at the 
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vinylaziridine 35n. Therefore, the reaction conditions were slightly modified to 
isolate the side product. First, the reaction was performed under the former con-
ditions but with a large excess of vinylMgBr (2.1 equivalents). Under the latter 
conditions, little difference was observed. However, if 2.1 equivalents of vinyl-
MgBr were added dropwise to aldimine (rac)-19a at -78 °C in dry CH2Cl2 and 
stirred for 4 h at this temperature and 24 h at room temperature the side prod-
uct was formed in high yield (63%). Yet, the product isolated turned out to be  
N-(1,1-dimethylhexa-3,5-dienyl)-tert-butanesulfinamide 71b as could clearly be 
judged from NMR spectroscopy. The -values of the unsaturated system were 
matching those of a diene in 13C NMR ( : 115.5, 126.4, 136.7 and 138.4) and a 
sp3-hybrised CH-carbon atom, present in sulfinamide 71a, was lacking when 




















Scheme 91. Synthesis of N-(1,1-Dimethylhexa-3,5-dienyl)-tert-butanesulfin-
Amide 71b. 
3 . 3 . 2 Sco p e a n d Li m i t a t i o n  
Quenching of the reaction mixture from the treatment of (RS)-19a with Grignard 
reagents (R Ph) with aqueous NH4Cl at 78 °C after 4 h afforded the alkylated 
-chloro N-sulfinamide (RS,R)-34 in high yield (92-99%). Moreover, if the reac-
tion mixture was allowed to stir at room temperature after completion of the ad-
dition at 78 °C the desired aziridines 35 were isolated in excellent yield 
(Scheme 90). However, if R = Ph it was noticed that the -chloro N-sulfinamides 
(RS,R)-34k were not ring closed to the corresponding aziridines (RS,R)-35i if the 
reaction mixture was stirred at ambient temperature for 12 hours (Table 11, en-
try d). Longer reaction times or higher temperatures did not afford the desired 
aziridines (RS,R)-35i in acceptable yield. Therefore, a series of bases (BuLi, LDA, 
NaH, K2CO3, KOH) were applied in different solvents to facilitate the cyclization 
reaction of -chloro N-sulfinamide (RS,R)-34k to aziridine (RS,R)-35i. 
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Experimentally it was shown that KOH in H2O/THF (1:1-ratio) at 50 °C gave the 
best results for ring closure of -chloro N-sulfinamide (RS,R)-34k to the corres-
ponding aziridine (RS,R)-35i in high yields. Even more, these conditions were 
applied to all -chloro N-sulfinamides (RS,R)-34 affording the corresponding 
aziridines (RS,R)-35 in excellent yield without detectable loss of chirality. Thus, 
these aziridines 35 were synthesized in a high yielding -one or two-pot reaction 
(Scheme 90), and were obtained as a single diastereomer after flash chromato-
graphy. 
Upon treatment of the more sterically hindered N-sulfinyl -chloro imine (RS)-
19b (R=Et) with EtMgBr at 78 °C for 4 h in THF, most of the aldimine (RS)-19b 
was recovered. Almost no addition reaction was observed under the latter condi-
tions (Table 12, entry a). Upon raising the temperature from 78 °C to 40 °C, 
after the addition of the Grignard reagent at 78 °C or 97 °C (vide supra), de-
pending on the reagent used, mixtures of the -chloro N-sulfinamide (RS,R)-34 
and the corresponding aziridine (RS,R)-35 were obtained in reasonable yield. The 
-chloro N-sulfinamides (RS,R)-34 could only be isolated in low yields after flash 
chromatography of the reaction mixture. Various attempts failed to synthesize 
the -chloro N-sulfinamide (RS,R)-34r as such, without any of the aziridine 35p 
present. However, if the reaction mixture was stirred for 12 more hours at ambi-
ent temperature the -chloro N-sulfinamides (RS,R)-34 were ring closed to the 
corresponding aziridines 35 if R  Ph. 
If the reaction was performed for less then 6 hours at 40 °C before rising the 
temperature to 20 °C for 12 hours, lower diastereoselectivities were obtained, 
which was an indication that the reaction was not completed at 40 °C (Table 
12; entries b-d). Altering the solvent from CH2Cl2 to Et2O or toluene did not im-
prove the yield or the stereoselectivity of the reaction (Table 12; entries d-f). 
Thus, addition of 1.1 equivalents of Grignard reagent to imine (RS)-19b in di-
chloromethane at 78 °C and subsequent stirring for 6 hours at 40 °C afforded 
a mixture of -chloro N-sulfinamide (RS,R)-34 and aziridine (RS,R)-35, after 
aqueous workup. The latter mixture was treated with base (3 equivalents KOH) 
at 50 °C for 24 h in order to obtain the ring closed N-sulfinyl aziridine 35. No 
racemisation was observed under these conditions. These conditions were  
applied with good result (77-90% yield and dr 62:38-96:4) for the synthesis of a 
variety of new chiral sterically hindered aziridines (RS,R)-35p- s starting from  
N-sulfinyl -chloro imine (RS)-19b (Table 12). It was found that chiral  
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1-azaspiro[2.5]octanes (RS,R)-236a- d could be synthesized in moderate to good 
yield (43-85%) and diastereoselectivity (70:30-92:8), starting from N-sulfinyl  
-chloro imine (RS)-19c under these optimized conditions. 
All chiral aziridines 35,236 were obtained as a single enantiomer [(RS,R)-
35,236] after flash chromatography. Reaction workup at -40 °C (after 6 h) af-
forded a complex reaction mixture from which the -chloro N-sulfinamides 
(RS,R)-34r- u,235a- d, apart from 2-aryl -chloro sulfinamides 34s,235b, were 
isolated as a pure product in 8-25% yield after flash chromatography of the 
crude reaction mixture. Because of the low yields these results are not shown in 
Table 12. 
Noteworthy, addition of AllylMgCl to aldimine (rac)-19c afforded the corres-
ponding aziridine 236d in 84% yield after ring closure. However, some side 
product was present in very small amounts. It was rationalized that this side 
product was N-(1-(1-allylbut-3-enyl)cyclohexyl)-tert-butanesulfinamide 71c.  
Attack of an excess AllylMgCl on the ring closed aziridine would give N-(1-(1-
allylbut-3-enyl)cyclohexyl)-tert-butanesulfinamide 71c. Therefore the reaction 
conditions were slightly modified to isolate this amine 71c. First, the reaction 
was performed under the former conditions with a large excess of AllylMgCl (2.1 
equivalents). Under the latter conditions little difference was observed. However, 
reaction of 2.1 equivalents of AllylMgCl with aldimine (rac)-19c in dry CH2Cl2 at  
-78 °C for 4 h and 24 h at room temperature gave N-(1-(1-allyl-3-butenyl)-
cyclohexyl)-tert-butanesulfinamide 71c in 55% yield as a colourless oil after 















2.1 equiv AllylMgCl          
CH2Cl2 excess AllylMgCl
71c (55%)
Scheme 92. Synthesis of N-(1-(1-Allyl-3-butenyl)cyclohexyl)-tert-butane-
sulfinamide 71c.  
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Table 12. Optimization of the addition of Grignard Reagents Across N-Sulfinyl -Chloro Aldimine (RS)-19b,c.                               
a Addition of the Grignard reagent at 78 °C. 
b Addition of the Grignard reagent at 97 °C. 
c Subsequent ring closure with 3 equivalents KOH in THF/H2O (1:1) for 24 h at 50 °C. 
d Determined by a mass balance of the reaction mixture. 
e Isolated yield of the (major) [minor] diastereomer after flash chromatography. 
f Determined by NMR analysis of the reaction mixture. 
Entry Substrate Reagent equiv Solvent t (h) [°C] (rt) Product Yield %d (%)e (dr)f 
a 19b EtMgBr 2 THF 4 [-78] 34r 8 (-) 
b 19b EtMgBr 1.1 CH2Cl2 3 [-40]a 12 (rt) 35p 83 (86:14) 
c 19b EtMgBr 1.1 CH2Cl2 1 [-40]a 12 (rt) 35p 29 (-) 
d 19b EtMgBr 1.1 CH2Cl2 6 [-40]a 12 (rt) 35p 82 (92:8) 
e 19b EtMgBr 1.1 Et2O 6 [-40]a 12 (rt) 35p 84 (78:22) 
f 19b EtMgBr 1.1 Toluene 6 [-40]a 12 (rt) 3 5p 81 (91:9) 
g 19b PhMgCl 1.1 CH2Cl2 6 [-40]b 12 (rt) 34s 77   (53) (96:4) 
h 19b EtMgBr 1.1 CH2Cl2 6 [-40]a,c 35p 82   (66) (92:8) 
i 19b PhMgCl 1.1 CH2Cl2 6 [-40]b,c 35q 77   (57) (96:4) 
j 19b VinylMgBr 1.1 CH2Cl2 6 [-40]a,c 35r 83   (62) (93:7) 
k 19b AllylMgCl 1.1 CH2Cl2 6 [-40]a,c 35s 90   (45)[21] (62:38) 
l 19c EtMgBr 1.1 CH2Cl2 6 [-40]a 235a -     (25) (-) 
m 19c EtMgBr 1.1 CH2Cl2 6 [-40]a,c 236a 82   (63) (92:8) 
n 19c PhMgCl 1.1 CH2Cl2 6 [-40]b,c 236b 43   (20) (70:30) 
o 19c VinylMgBr 1.1 CH2Cl2 6 [-40]a,c 236c 85   (56) (86:14) 
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236 R,R = (CH2)5
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3 . 3 . 3 Co n f i g u r a t i o n a l a n d Co n f o r m a t i o n a l 
Ba ck g r o u n d  
Without any of the -chloro amines (R)-34,235 or aziridines (R)-3 5 ,236 re-
ported in literature, the absolute configuration had to be determined.  
Via an oxidative cleavage of the double bound in N-[1-(1-chloro-1-methylethyl)-
2-propenyl]-tert-butanesulfinamide (RS,R)-34p (Scheme 93) the corresponding 
amino ester 85 could be synthesized and its optical rotation could be compared 
with known analogues in the literature. First, sulfinamide (rac)-34p was dis-
solved in CH2Cl2 and cooled to -78 °C before ozone was added in a slow, steady 
rate. Workup with H2O2 afforded a mixture of compounds. Better results were 
obtained with Me2S workup but N-tert-butanesulfinyl amino aldehyde and N-tert-
butanesulfonyl amino aldehyde formed were obtained as scalemic mixtures be-
fore purification with flash chromatography. Therefore, this procedure was aban-
doned and it was tried to oxidize the sulfinyl group and the double bound of 











































2.2 equiv of KMnO4
CH2Cl2/KHCO3 (aq)
30 °C, 45 min
237a (60%)
6 equiv of KMnO4
CH2Cl2/KHCO3 (aq)
, 2 h degradation
0.02 equiv RuCl3
10 equiv NaIO4
CCl4/MeCN/H2O (1:1:2.6), rt, 72 h 238a (74%)
239a 240a  
Scheme 93. Oxidation of N-[1-(1-Chloro-1-methylethyl)-2-propenyl]-tert-
butanesulfinamide (RS,R)-34p.  
        
Results, Discussion and Perspectives 
99  
Almost no reaction was observed if sulfinamide (rac)-34p was stirred for 72 h at 
room temperature with 0.02 equivalents of RuCl3 and 10 equivalents of NaIO4 in 
CCl4/MeCN/H2O (1:1:2.6-mixture). The reaction was stopped at the oxidation of 
the sulfinyl group. Better results were obtained if sulfinamide (rac)-34p was 
stirred in CH2Cl2/aqueous KHCO3 (1:1) solution and 2.2 equivalents of KMnO4, 
dissolved in H2O, were added dropwise. This resulted in a spontaneous reaction 
that was kept at 25-30 °C. Keeping the reaction mixture at this temperature for 
30 min afforded N-[1-(1-Chloro-1-methylethyl)-2,3-dihydroxypropyl]-tert-
butanesulfonamide (rac)-2 37a in 60% yield after flash chromatography. The lat-
ter compound was stirred with an excess of KMnO4 (6 equivalents) for 2 h in re-
fluxing CH2Cl2/H2O (1:1) to afford the corresponding amino acid as a mixture of 
diastereomers. Therefore also this procedure was abandoned. 
From the X-ray spectrum of N-(tert-butanesulfinyl)-2,2-dimethyl-3-phenyl-
aziridine (RS)-35i the absolute configuration of the structure was undoubtedly 
and unequivocally characterized as being the (RS,R)-aziridine 35i.   
        
Fig. 9 X-Ray Diffraction Spectrum of N-(tert-Butanesulfinyl)-2,2-dimethyl-3-
phenylaziridine (RS)- 35i.  
This configuration is opposite to the one that is predicted via the chelation-
controlled transition state A (Figure 10), which is the general intermediate pro-
posed for non-functionalized N-sulfinyl imines.22,23,32 The reversal of the stereo-
chemical outcome of the reaction is attributed to the -coordinating ability of the 
chlorine atom as is depicted in Figure 10 (transition state B and C). The reversal 
of selectivity is analogous to the results obtained with other N-sulfinyl imines 


































Fig. 10 Proposed Transition States for the Grignard Addition across Aldimines. 
3 . 3 . 4 N - Su l f i n y l D e p r o t e ct i o n   
In literature, no precedents of the synthesized amides (RS,R)-34,235 or aziridi-
nes (RS,R)-35,236 have been reported. The N-sulfinamides (RS,R)- 3 4 ,235 and 
N-sulfinyl aziridines (RS,R)- 3 5 ,236 could be deprotected by simple treatment 
with a saturated solution of dry HCl in dioxane. Stirring for 5 minutes at room 
temperature afforded the hydrochlorides of the -chloro amine (R)-36 or aziridi-
nes (R)-37 in high yield (>90%) and purity (>80%) (Scheme 94). Deprotection 
of N-sulfinyl aziridine (RS,R)-35i resulted mainly in aziridine (RS,R)-37d. Though, 







35i    R = Me; 
35p   R = Et;      
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(92%)   purity >80
(97%)   purity >95
(100%) purity >95




Scheme 94. N-Sulfinyl Deprotection with 1,4-Dioxane.HCl.  
In conclusion, a novel stereoselective synthesis of chiral 2-arylated and 2-
alkylated aziridines (R)-37,241 has been developed. Reaction of N-sulfinyl -
chloro imines (RS)-19 with Grignard reagents afforded -chloro sulfinamides 
(RS,R)-34k,o- q in good yields or 34r-u and 235a- d as non-isolated intermedi-
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ates. The latter compounds were ring closed to the corresponding N-sulfinyl 
aziridines (RS,R)-35,236 in a high yielding one-pot reaction or after separate 
treatment with base. Chiral aziridines (R)-37,241 were synthesized by subse-
quent deprotection of the N-protecting group. The absolute configuration of the 
aziridines formed was proven by X-ray diffraction analysis.  
3.4. Reaction of N-Sulfinyl -Halomethylketimines 
with Grignard Reagents  
3 . 4 . 1 I n t r o d u ct i o n  
The use of cyclopropylamines and their stereoselective synthesis are of consider-
able interest in recent years.127 Besides their occurrence as pharmaceutical or 
agrochemical subunits, the highly strained cyclopropylamines are also synthe-
sized for their use as chiral resolving agents or as synthetic intermediates for 
further reactions.128 Additionally, the potential to control local conformation by 
restricting the number of rotational degrees is progressively applied in computa-
tional modelling systems. Hence, the need for such small, chiral molecules is of 
great interest.129 
From earlier research it is known that the synthesis of cyclopropylamines can be 
achieved in acceptable yield upon treatment of N-alkyl -halo imines with alkox-
ides.130 However, the cyclopropylamine synthesis via reaction of Grignard re-
agents with -halo imines is unprecedented. It has been established that the 
moderate reactivity and stereoselectivity, often observed when N-alkyl imines 
are used, can substantially be improved by using the corresponding N-sulfinyl 
imines.22 Only few halogenated N-sulfinyl imines have been synthesized and, the 
few examples reported, are not thoroughly studied to their reactivity.63,65a,131 
However, the potential of halogenated imines as starting material to synthesize 
aziridines or cyclopropylamines, among other interesting compounds, in a simple 
and straightforward manner has been described extensively.103a,132 Chiral -halo 
imines have not been used in this respect. In addition, N-sulfinyl deprotection, 
under mild conditions, after reaction, providing unprotected cyclopropylamines or 
aziridines is advantageous for further reaction. 
Herein the chiral synthesis of 1-alkyl and 1-arylcyclopropylamines is elaborated 
for the first time starting from -halo imines (Scheme 101). 





























Scheme 95. Purpose of the Research. 
3 . 4 . 2 R e a ct i o n O p t i m i z a t i o n  
N-Sulfinyl -chloro ketimines (RS)-20 were synthesized via condensation of  
-chloro ketones 201 with (RS)-tert-butanesulfinamide 14a in the presence of  
2 equivalents Ti(OEt)4. Ketimines (RS)-2 0 a ,b were synthesized in high yields 
(82-91%) when stirred for 48 h at reflux temperature in dry THF while ketone 
201c had to be stirred at 98 °C for 48 h in isooctane to form ketimine (RS)-20c 
in 89% yield (vide supra). The N-sulfinyl -chloro ketimines (RS)-20 were iso-
lated after removal of the titanium species after aqueous workup, and after dis-
tillation to remove the small excess of ketones 201 used. The -chloro ketones 
were synthesized according to literature procedures.102  
These new chiral N-sulfinyl -chloro methylketimines (RS)-2 0 were tested for 
their reactivity upon treatment with Grignard reagents. Therefore, addition of 
1.05 equivalents of PhMgCl to N-sulfinyl -chloro ketimine (RS)-20a , dissolved in 
CH2Cl2, at -78 °C and subsequent stirring for 4 h at this temperature, afforded  
N-sulfinyl 1-phenylcyclopropylamine (RS,R)-42a in 10% yield with excellent dia-
stereoselectivity (95:5 dr) after aqueous NH4Cl workup. Yet, most of the starting 
ketimine (43%) was recovered under these conditions (Table 13, entry a). As 
reported in Table 13, changing temperature, time and the amount of Grignard 
reagent added, resulted in a substantial improvement of the isolated yields of the 
formed N-(2,2-dimethyl-1-phenylcyclopropyl)-tert-butanesulfinamide (RS,R)-
42a . Judged from the reaction mechanism (vide infra), 2 equivalents of Grignard 
reagent are consumed in the synthesis of 1-phenylcyclopropylamine 42a . Sub-
sequently, higher amounts of Grignard reagent were added (Table 13, entries  
a-c). If more than 2.2 equivalents of PhMgCl were added, yields of cyclo-
propylamine (RS,R)-42a dropped (Table 13, entries a-c). Side reactions became 
more pronounced and were detrimental for the purification by flash chromato-
graphy. Extended reaction times did improve the yields significantly (entry b vs. 
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e). However, changing the temperature turned out to be a more promising alter-
native. Better results were obtained if the reaction was performed at -40 °C, un-
der the sole condition that the reagent was added at 78 °C (Table 13, entries d, 
f-i). Addition of 2.2 equivalents of PhMgCl at -40 °C afforded the cyclopro-
pylamine (RS,R)-42a in reasonable yield (59%) but with inferior diastereo-
selectivity. Again, the purification by flash chromatography was more tedious and 
disadvantageous for the isolated yield of the cyclopropylamine (RS,R)-42a . 
Changing the solvent (toluene, Et2O and THF) or the concentration did not im-
prove the yield or the diastereoselectivity of the reaction.  
Table 13. Synthesis of Cyclopropylamine 42a via Addition of PhMgCl across N-


















Entry equiv PhMgCl Temp °C time h Yield %a (dr)b 
a 1.05 -78 4 10    (95:5) 
b 2.2 -78 4 28    (96:4) 
c 3 -78 4 17         (-) 
d 2.2 -40 4 59  (80:20) 
e 2.2 -78 8 47    (95:5) 
f 2.2 -78/-40 2/4 70    (95:5) 
g 2.2 -78/-40 0.4/4 71    (92:8) 
h 2.2 -78/rt 2/4 27  (82:18) 
i 2.2 -78/-40/rt 2/4/12 67    (95:5) 
a Determined by a mass balance after chromatography. 
b Determined by NMR analysis of the reaction mixture.  
The best results were obtained if 2.2 equivalents of PhMgCl were added across  
N-sulfinyl -chloro ketimine (RS)-2 0 a in dichloromethane at 78 °C. Subsequent 
stirring for 2 h at -78 °C and 4 h at 40 °C afforded 1-phenylcyclopropylamine 
(RS,R)-42a after aqueous NH4Cl workup in high yield (70%) and excellent dia-
stereoselectivity (95:5 dr).  
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3 . 4 . 3 Sco p e a n d Li m i t a t i o n  
In order to explore the scope of the Grignard addition reaction across ketimine 
(RS)-2 0 a a variety of different Grignard reagents were evaluated. The optimized 
reaction conditions, found in the addition reaction of PhMgCl across ketimine 
(RS)-2 0 a , were applied for EtMgCl, EtMgBr and vinylMgBr upon addition of  
N-sulfinyl -chloro ketimine (RS)-2 0 a (Scheme 96) affording the substituted  
N-sulfinyl cyclopropylamines (RS,R)-42b and (RS,S)-42c in high yield (70-82%) 
with good diastereoselectivity (79:21-95:5). 
Changing EtMgCl to EtMgBr resulted in the formation of a less complicated reac-
tion mixture. Still, with reference to the other nucleophiles used, the stereo-
selectivity of the addition of EtMgBr was lower (Scheme 96). As a result, both 















-78 °C, 2 h
-40 °C, 4 h
1.05 equiv
CH2Cl2
-78 °C, 5 h
42a R' = Ph
42b R' = Et















Scheme 96. Addition of Grignard Reagents to N-Sulfinyl -Chloro Ketimine 2 0 a .  
The cyclopropylamines (RS,R)-42a,b and (RS,S)-42c formed were isolated as a 
single compound after flash chromatography. Consequently, the yields dropped 
significantly during purification. Only N-sulfinyl 1-phenylcyclopropylamine (RS,R)-
42a could be obtained by recrystallisation of the reaction mixture in diethyl 
ether. Upon treatment of ketimine (RS)-2 0 a with 2.2 equivalents of AllylMgCl in 
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dichloromethane at 78 °C for 2 h and subsequent reaction for 4 h at 40 °C,  
N-(1-allylcyclopropyl)-tert-butanesulfinamide (RS,R)-42d was not formed.  
N-Sulfinyl -chloro ketimine (RS)-2 0 a was attacked at the imine function without 
preceding -deprotonation. The intermediate -halo N-sulfinamide 243 was in 
situ ring closed to the corresponding N-sulfinyl 2-allylaziridine (RS,R)-39c. A 
closely related synthesis of chiral aziridines by the use of Grignard reagents and 
N-sulfinyl -chloro aldimines has recently been described by us.124d  
Better yields of N-sulfinyl 2-allylaziridine (RS,R)-39c were obtained if the Grig-
nard reagent was added in a small excess (1.05 equivalents instead of 2.2 
equivalents) and was stirred for longer periods at -78 °C (5 h). 
The steric bulk of -chloro ketimines (RS)-2 0 b,c, upon treatment with Grignard 
reagents, resulted in good diastereoselectivities of the cyclopropylamines formed 
(Table 14). However, the yields of the cyclopropylamines isolated dropped sig-
nificantly. Troublesome purification by flash chromatography was inevitable. 
Though various solvent mixtures were used, all attempts to isolate and identify 
the side products failed. Upon treatment of N-sulfinyl -chloro ketimine (RS)-2 0 b 
in dichloromethane with 1.05 equivalents of AllylMgCl the N-sulfinyl 2-allyl-
aziridine 39d was isolated in 84% yield and 95:5 dr after completion of the reac-
tion at -78 °C (6 h). Notably, some of the N-sulfinyl 1-allylcyclopropylamine 
(RS,R)-42h was observed by 1H NMR (3%) but the formed side product could not 
be isolated. Reaction of N-sulfinyl -chloro ketimine (RS)-2 0 c with 1.05 equiva-
lents AllylMgCl at 78 °C afforded 1-allylspiro[2.5]octan-1-amine (RS,R)-42k af-
ter flash chromatography in low yield (2%), besides 2-allylazaspiro[2.5]octane 
(RS,R)-39e (65%).  
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1.05 equiv
CH2Cl2
-78 °C, 6 h
e,i R' = Ph
f,j  R' = Et
g   R' = Vinyl
R
R
20b R = Et
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39d   R = Et





R 42h   R = Et
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Entry Imine R Product (%)a     drb (%)c 
a 2 0 b Ph 42e (50)   95:5 (Rs,R)-42e  38 
b 2 0 b Et 42f (57) 79:21 (Rs,R)- 42f  30 
c 2 0 b vinyl 42g (62)   91:9 (Rs,S)- 42g 37 
d 2 0 b allyl 39d (91)   95:5 (Rs,R)- 39d 84 
e 2 0 c Ph 42i (44)   96:4 (Rs,R)- 42i  31 
f 2 0 c Et 42j (42) 81:19 (Rs,R)- 42j  23 
g 2 0 c allyl 39e (83)   93:7 (Rs,R)- 39e 65d 
a Determined by a mass balance of the reaction mixture. 
b Determined by NMR analysis of the reaction mixture. 
c Determined by a mass balance after chromatography. 
d Cyclopropylamine (RS,R)-42k was isolated in 2% yield.  
3 . 4 . 4 Co n f i g u r a t i o n a l a n d Co n f o r m a t i o n a l 
Ba ck g r o u n d  
It is proposed that the cyclopropanation reaction proceeds via a Favorskii-type 
reaction mechanism (Scheme 97).133 Hence, the first equivalent of Grignard re-
agent acts as a base, an unprecedented reaction in the field of N-tert-
butanesulfinyl imines. A proton in -position of the imino function of N-sulfinyl -
chloro ketimines (RS)-2 0 is abstracted, the resulting 1-azaallylic anion 244-245 
undergoing chloride expulsion to produce the intermediate N-(cyclopropylidene)-
tert-butanesulfinamide 41, which is attacked by the second equivalent of Grig-
nard reagent across the reactive imino function of 41 giving rise to N-sulfinyl 1-
alkylcyclopropylamine 42, after aqueous NH4Cl workup. The highly strained Fa-
vorskii-type intermediate 41, in combination with the bulky tert-butanesulfinyl 
group is resulting in the formation of, depending on the Grignard reagent used, 
an enantio enriched N-(1-substituted cyclopropyl)-tert-butanesulfinamide 42. 
All attempts to isolate the intermediate N-cyclopropylidene sulfinamide 41 failed. 
Addition of different bases (1.05 equivalents of PhMgCl, BuLi or NaH) yielded a 
complex reaction mixture wherein the cyclopropyl protons in 1H NMR spectrum, 
or the imino function, specific at 1800 cm-1 in IR, were not observed. By use of 
Ellman s procedure,37 the intermediate azaenolate 244-245 of imine 2 0 a (R = 
Me) was trapped with benzaldehyde affording N-[2-chloro-1-(2-hydroxy-2-
phenylethyl)-2-methylpropylidene]-tert-butanesulfinamide 66a in a 2:1-mixture 
of diastereomers.  
        
































































Scheme 97. Proposed Favorskii-type Reaction Mechanism.   
Without any of the cyclopropylamines (R)-42a- k or aziridines (R)-39c- e being 
reported in literature, the absolute configuration had to be determined.  
From the X-ray diffraction analysis of the formed N-(2,2-dimethyl-1-vinylcyclo-
propylamine)-tert-butanesulfinamide (RS,S)-42c the absolute configuration of 
the structure was undoubtedly characterized as (RS,S)-N-(tert-butanesulfinyl)-
cyclopropylamine 42c.          
Fig. 11 X-Ray Diffraction Spectrum of N-(2,2-Dimethyl-1-vinylcyclopropylamine)-
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This configuration can be predicted via a chelation-controlled transition state A 
(Figure 12), which is the general intermediate proposed for additions to non-
functionalized N-sulfinyl imines.22,23,32 
Though it is was not possible to prove the absolute configuration of allylaziridines 
39c- e , the (RS,R)-stereochemistry is assumed to be in analogy with the stereo-
chemistry obtained during the synthesis of similar aziridines from chiral aldimi-
nes.124d The reversal of stereochemical outcome of the reaction is attributed to 
the -coordinating ability of the chlorine atom as is depicted in Figure 12 (transi-
tion state B and C) and is analogous to the results obtained with other N-sulfinyl 
























Fig. 12 Proposed Transition States During the Reaction. 
3 . 4 . 5 N - Su l f i n y l D e p r o t e ct i o n  
In literature, no precedents of the synthesized cyclopropylamino derivatives 42 
or aziridines 39 have been reported. The chiral N-sulfinyl allylaziridines (RS,R)-
39c- e and N-sulfinyl cyclopropylamines 42 could be deprotected by simple 
treatment with a saturated solution of dry HCl in 1,4-dioxane. Stirring for 15 
minutes at room temperature afforded the HCl-salts of the aziridines 39c- e or 
the cyclopropylamines 42 in high yield (> 85%) and purity (85-95%) (Scheme 
98). 
In conclusion an efficient synthesis of N-sulfinyl -chloro ketimines was devel-
oped. Upon treatment of N-sulfinyl -chloro ketimines (RS)-2 0 with Grignard re-
agents, chiral N-(1-substituted cyclopropyl)-tert-butanesulfinamides 42 were 
synthesized in acceptable to good yields with good diastereoselectivity via 1,3-
dehydrohalogenation to a cyclopropylideneamine intermediate which underwent 
addition of organomagnesium nucleophiles with high selectivity. Only in the case 
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of allylmagnesium chloride did the reaction lead to aziridines (RS,R)-39c- e in 
high yield. Further deprotection to the N-unprotected cyclopropylamines 40,43 
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42a   R = Me; R' = Ph 
42b   R = Me; R' = Et
42e   R = Et; R' = Ph             
42i    R,R = (CH2)5; R' = Ph
(R)-43a  (93%) 
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Scheme 98. Sulfinyl deprotection with 1,4-dioxane.HCl. 
3.5. Reaction of Aromatic N-Sulfinyl -Halo Ketimines 
with Grignard Reagents 
3 . 5 . 1 I n t r o d u ct i o n  
Via previous strategies the synthesis of chiral aziridines has been covered. How-
ever, the synthesis of chiral quaternary C-2 aziridines is limited to the addition of 
AllylMgCl to N-sulfinyl -chloro ketimines (RS)-2 0 and subsequent in situ ring 
closure, due to the basicity of the nucleophiles used. All Grignard reagents differ-















X = Cl, Br 20
RMgX' base
38 39  
Scheme 99. Purpose of the Research.  
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Yet, change of aliphatic to arylated N-tert-butanesulfinyl -halo ketimines would 
result in the synthesis of chiral aziridines with a quaternary centre after nucleo-
philic addition. The latter compounds are excellent building blocks for ring open-
ing reactions. For instance, acidic ring opening would result in the synthesis of 
chiral -amino alcohols. The latter compounds are well known for their use in 
medicinal chemistry, as building block for unnatural amino acid derivatives or as 
chiral auxiliaries.134 The synthesis of aziridines with a parent, quaternary chiral 
carbon atom will be worked out herein.  
3 . 5 . 2 R e a ct i o n O p t i m i z a t i o n  
N-Sulfinyl -chloro ketimines (RS)-20e- g were synthesized via condensation of 
-chloro ketones 201e- g with (RS)-tert-butanesulfinamide in the presence of 2 
equivalents Ti(OEt)4 when stirred for 48 h at reflux temperature in dry THF. The 
N-sulfinyl -chloro ketimines (RS)- 2 0 e- g were isolated after removal of the tita-
nium species after aqueous workup, and after recrystallisation from Et2O to re-
move the small excess of ketones 201 used (vide supra).  
These chiral N-sulfinyl -halo ketimines (RS)- 2 0 e- g were tested for their reac-
tivity upon treatment with Grignard reagents. Therefore, the optimized reaction 
conditions for the cyclopropanation reaction, i.e. dropwise addition of 1.05 
equivalents of Grignard reagent to N-Sulfinyl -chloro ketimines (RS)-2 0 at  
-78 °C in CH2Cl2 and consecutive stirring for 2 h at this temperature and 4 h at  
-40 °C, were used to start with. When 1.05 equivalents of EtMgBr were added to 
-chloro ketimine (RS)-20f under the latter conditions a yellow oil was isolated 
after aqueous workup from which N-sulfinyl 2-ethyl-2-(4-chlorophenyl)aziridine 
(RS,S)-39f was isolated in low yield (23%) albeit in good diastereoselectivity 
(70:30 dr) (Table 15, entry a). Noteworthy, no starting ketimine, nor any of the 
corresponding sulfinamide was observed among the various products formed. 
The yields of the aziridine dropped if the temperature control was altered (Table 
15, entries b-d). Better results were obtained by changing of the amount of 
Grignard reagent added (Table 15, entries e,f). It seems that higher amounts of 
EtMgBr (2 equivalents) resulted in an increase of the yield and the di-
astereomeric ratio of the aziridine formed. However, the direct influence on the 
reaction mechanism is not clear.  
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It was rationalized that the in situ ring closure with formation of Lewis acid MgX2 
had an influence on the stereoselectivity and the yield of the reaction. This hy-
pothesis was checked by addition of an excess of Lewis acid prior to reaction 
(Table 15, entries g,h). Yet, apart from a small decrease in the reaction velocity, 
little difference was noticed in the latter reactions. Yet, if 2 equivalents of 
Ti(OEt)4 were added to sulfinimine (RS)-20f, prior to reaction with EtMgBr, deha-
logenated N-(1-(4-chlorophenyl)ethylidene)-tert-butanesulfinamide 16e was ob-
served in the 1H NMR spectrum in very low yields (<5%).  
































16e (<5%)  
Entry EtMgBr (equiv) Temp (°C) time (h) Yielda (%) drb 
a 1.05 -78 (-40) 2 (4) 23 70:30 
b 1.05 -78 8 17 - 
c 1.05 -78 (20) 4 (16) - - 
d 1.05 -78 (20) 2 (1) - - 
e 2.0 -78 (-40) 2 (4) 83 86:14 
f 3.0 -78 (-40) 2 (4) 76 87:13 
g 2.0 MgBr2 (2.0) -78 (-40) 2 (4) 67 88:12 
h 2.0 Ti(OEt)4 (2.0) -78 (-40) 2 (4) 56 71:29 
a Determined by a mass balance after chromatography. 
b Determined by NMR analysis of the reaction mixture.  
Thus, the best results were obtained when 2.0 equivalents of EtMgBr were added 
across N-sulfinyl -chloro ketimine (RS)-20f in dichloromethane at 78 °C. Sub-
sequent stirring for 2 h at -78 °C and 4 h at 40 °C afforded 2-ethyl-2-(4-
chlorophenyl)aziridine 39f in good yield (83%) and diastereoselectivity (87:13 
dr), after aqueous NH4Cl workup. N-Sulfinyl 2-ethyl-2-(4-chlorophenyl)aziridine 
(RS,S)-39f was obtained as a single diastereomer of colourless crystals after 
flash chromatography.  
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3 . 5 . 3 Sco p e a n d Li m i t a t i o n  
In order to explore the scope of the Grignard addition reaction across aromatic 
ketimines (RS)-2 0e- g a variety of different Grignard reagents and substrates 
were evaluated. First, the substrate was altered from -chloro ketimine 20f to  
-bromo ketimine 20g, under the conditions as optimized before. 2-Ethyl-2-
phenylaziridine was synthesized only in 19% yield under the former conditions. 
Debromination of N-sulfinyl -bromo ketimine (RS)-2 0 g occurred and the aza-
enolate was protonated again during aqueous workup, giving rise to N-(1-
phenylethylidene)-tert-butanesulfinamide 16d in greater then 70% yield (Table 
16, entry a). No dimerisation or nucleophilic attack on ketimine (RS)-2 0 g was 
observed when checked for by 1H NMR. If 2 equivalents of EtMgBr were added to 
ketimine (RS)-2 0 g at -78 °C for 1 h almost 35% of the starting compound was 
consumed (Table 16, entry b). Little or no 1,2-addition was observed under the 
latter conditions. Addition of Lewis acids did not alter the reactivity to the addi-
tion. With i-PrMgCl as the reagent of choice N-(1-phenylethylidene)-tert-
butanesulfinamide 16d was formed quantitatively (Table 16, entry c). From 
these results it is concluded that the 1,2-addition of Grignard reagents to aro-
matic -halo ketimines (RS)-2 0g is limited to the chlorinated derivatives.   













R' = Et, i-Pr, Ph
+
16d 39g R' = Et  
Entry  R MgX (Equiv) Temp (°C) time (h) 16da 39 (%)b [dr]b 
a  EtMgBr     (2) -78 (-40) 2 (4) 71  (22) [77:23]  
b EtMgBr     (2) -78 1 35 - 
c i-PrMgCl   (2) -78  1  100b - 
d i-PrMgCl   (1) -97 (-78)  1 (1) 96b - 
e EtMgBr     (1) -97 (-78)  1 (1) 87 (12) [92:8] 
f   (1) MgBr2 (1.1) -97 (-78)  1 (1) 95b - 
g   (1) Ti(OEt)4 (1) -97 (-78)  1 (1) 96b - 
a Determined by a mass balance, unless otherwise noticed. 
b Determined by NMR analysis of the reaction mixture.   
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The optimized reaction conditions, found in the addition reaction of EtMgBr 
across ketimine (RS)-20f, were also applied for i-PrMgCl and AllylMgCl upon addi-
tion of N-sulfinyl -chloro ketimines (RS)-20e,f (Scheme 100) affording the  
N-sulfinyl 2-alkyl-2-arylaziridines (RS,S)-39 with good diastereoselectivity 
(85:15-95:5) in high yield (85-95%). Only one enantiomer was obtained after 
flash chromatography in up to 86% yield. Although N-(1-phenylethylidene)-tert-
butanesulfinamide 16d was formed during the reaction of i-PrMgCl with  
N-sulfinyl -chloro ketimines (RS)-20e,f in 3% yield, this imine was never iso-
lated after flash chromatography. As compared to the other Grignard reagents 
used, the reaction with AllylMgCl proceeded quite fast and was therefore pre-
ferred at -78 °C (4 h) to achieve N-sulfinyl 2-allyl-2-arylaziridines 39h,i in excel-













A)  -78 °C, 2 h     
-40 °C, 4 h
B) -78 °C, 4 h
20e X = H
20f  X = Cl
X
39f  X = Cl; R' = Et
39h X = H;  R' = Allyl 
39i  X = Cl; R' = Allyl
39j  X = H;  R' = i-Pr























Scheme 100. Reaction of R MgX with N-Sulfinyl -Chloro Ketimines (RS)-20e,f.  
Treatment of N-sulfinyl -chloro ketimine (RS)-2 0e with 2 equivalents of vinyl-
MgBr under the optimized conditions, i.e. reaction for 2 h at -78 °C and 4 h at  
-40 °C, resulted in the formation of one single, very unstable product. Its colour-
less crystals were only obtained if little aqueous NH4Cl (<5 ml) and aqueous 
KHCO3, cooled to 0 °C, were added and the extraction with CH2Cl2 (20 mL) was 
finished within two minutes after aqueous workup. The colourless crystals re-
acted with water or turned orange under the influence of sunlight. Yet, after re-
crystallisation from Et2O/EtOAc (10:1) no 2-phenyl-2-vinylaziridine was obtained, 
but N-tert-butylsulfinyl 3-phenyl-3-pyrroline 253a was isolated in 88% yield 
(Scheme 101). Most likely 2-phenyl-2-vinylaziridine 39l is synthesized, but due 
to the high ring strain a conjugated benzylic carbocation is easily formed, result-
ing in the ring expansion.  
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This zwitterionic intermediate 252, stabilized at both the positive and negative 
charge, will ring close at the less hindered homo allylic position, yielding N-tert-
butylsulfinyl 3-phenyl-3-pyrroline 2 5 3 a . At first the formation of a N-tert-
butylsulfinyl 5-phenyl-2-pyrroline 2 5 1 a was considered but this hypothesis was 
dropped based on the less stabilized transition state, and the spectrum of the 










-78 °C, 2 h  


























Scheme 101. Synthesis of N-tert-Butylsulfinyl 3-Phenyl-3-pyrroline 253a via  
Reaction of VinylMgBr with N-Sulfinyl -Chloro Ketimine (RS)-20e. 
3 . 5 . 4 Co n f i g u r a t i o n a l a n d Co n f o r m a t i o n a l 
Ba ck g r o u n d  
Previously, it was proposed that the 1,2-addition of Grignard reagents proceeds 
via a Cram-chelate transition state. Thus, this configuration is opposite to the 
one that is predicted via the chelation-controlled transition state A (Figure 13), 
which is the general intermediate proposed for non-functionalized N-sulfinyl  
imines.22,23,32 It is rationalized that the reversal of the stereochemical outcome, 
observed in the 1,2-addition reaction of Grignard reagents with N-sulfinyl -halo 
aldimines having a halogen atom attached to a sterically hindered quaternary 
carbon atom, due to the chelation of the halogen atom, will be more pronounced 
in the reaction of Grignard reagents with aromatic N-sulfinyl -chloro ketimines 
(RS)-2 Oe,f. However, the absolute configuration has not been tested. As there 
are no examples of N-sulfinyl 2-alkyl-2arylaziridines, X-ray diffraction analysis 
would give the final proof.  
        


























Fig. 13. Proposed Transition States During the Reaction of N-Sulfinyl -Chloro 
Ketimines (RS)-2 0e with Grignard Reagents.  
In conclusion an efficient strategy for the chiral synthesis of N-sulfinyl 2-alkyl-2-
arylaziridines 39 was developed. Upon treatment of N-sulfinyl -chloro ketimines 
(RS)-2 0e,f with Grignard reagents, chiral 2-alkyl-2-arylaziridines 39 were syn-
thesized in good to excellent yields with good diastereoselectivity via 1,2-addition 
to the imino function which underwent further in situ ring closure. Only in the 
case of vinylmagnesium bromide did the reaction lead to 3-phenyl-3-pyrroline 
(RS)-253a in high yield. Upon treatment of N-sulfinyl -bromo ketimine (RS)-2 0g 
with Grignard reagents, chiral N-(1-arylethylidene)-tert-butanesulfinamide 16d 
were obtained after aqueous workup.  
3.6. Reaction of Aromatic N-Sulfinyl -Halo Imines 
with Cyanide 
3 . 6 . 1 I n t r o d u ct i o n  
The development of new and improved methods for the asymmetric synthesis of 
protein and nonprotein -amino acid derivatives is of considerable interest  
because of their importance in biological systems and their exceptional utility as 
chiral building blocks.135 Of the many methods used to prepare -amino acids, 
the asymmetric Strecker synthesis should hold particular prominence because of 
its simplicity.136 Unfortunately, the auxiliary-controlled nucleophilic addition of 
cyanide or its equivalent, to unichiral imines is problematic for several reasons. 
First, the diastereoselectivity, with rare exception, is mostly modest (22-60% 
de), although fractionation can often be used to give diastereomerically pure 
product.136 Second, removal of the chiral auxiliary without destroying or epimer-
izing the -amino acid is a frequently observed problem.  
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The cyanide addition to sulfinimines, mainly explored by Davis et al., has been 
reported to proceed in high yields with excellent diastereoselectivities for both  
N-p- toluenesulfinyl and N-tert-butanesulfinyl imines. Moreover, nitrogen, oxygen 
or fluorine chelating groups in -position of the imino function did not alter the 
stereoselectivity of the 1,2-addition reaction. Yet, the cyanide addition to  
N-sulfinyl -chloro imines (rac)-1 9,20, allowing further elaboration after the  
addition reaction, has not been described.   
3 . 6 . 2 R e a ct i o n O p t i m i z a t i o n  
Upon treatment of N-sulfinyl -chloro imine (rac)-19a with 3 equivalents of KCN 
in THF at 78 °C for 1 hour, the substrate was recovered almost quantitatively. 
Fairly recently, the diethylaluminum cyanide (Et2AlCN) 1,2-addition to sulfin-
imines has been described with good result when performed at -78 °C in dry 
THF. It has been described that the addition of isopropanol to Et2AlCN, prior to 
sulfinimine addition, did enhance the stereoselectivity of the 1,2-addition to the 
imino function.71  
If the 1,2-addition of cyanide to N-sulfinyl -chloro imine (rac)-19a was tested 
at -78 °C for 1 h in dry THF with 1 equivalent of Et2AlCN, little reaction occurred. 
N-sulfinyl -chloro imine (rac)-19a was recovered in 75% next to the dehydro-
halogenated N-(1-cyano-2-methylprop-1-enyl)- tert-butanesulfinamide 254a 
(<10%). If Et(iPrO)AlCN was used under the latter conditions, comparable  
results were obtained. Therefore additional stirring at room temperature was  
applied to have complete conversion of sulfinimine 19a to N-(1-cyano-2-
methylprop-1-enyl)- tert-butanesulfinamide 254 a (Table 17). No traces of the 
corresponding -chloro -cyano sulfinamide or the ring closed -cyano aziridine 
were present when checked for. N-Sulfinyl 1-cyanoenamine 254 a was obtained 
in 38% yield, as a colourless oil after tedious flash chromatography to separate it 
from the unidentified side products. 
All attempts to isolate the 2-cyanoaziridine 256a failed. Moreover, its inter- 
mediate -chloro- -cyanosulfinamide 255a probably was present in the reaction 
mixture (vide infra) but it was not possible to isolate the latter compound via  
tedious flash chromatography or recrystallisation from Et2O. It was rationalized 
that N-sulfinyl 1-cyanoenamine 254a was formed after dehydrohalogenation of 
-chloro- -cyanosulfinamide 255a (Scheme 102). 
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Entry  Reagent (equiv) Temp (°C) time (h) 19aa 254a (%)b  
a KCN             (3) -78 1 96 - 
b KCN             (3) -78 (rt) 0.1 (12) 89 - 
c Et2AlCN        (1) -78  1  75b <10 
d Et(iPrO)AlCN (1) -78  1  71b <10 
e Et(iPrO)AlCN (1) -78 (rt) 0.1 (12) -b 38c 
a Determined by a mass balance, unless otherwise noticed. 
b Determined by NMR analysis of the reaction mixture. 
c Determined by mass balance, after flash chromatography.  
However, spontaneous ring opening of 2-cyano-1-sulfinylaziridine 256a cannot 
be ruled out but is less plausible. The enlarged electron-withdrawing properties 
of the cyano substituent, as compared to the other 2-substituents reported, 



























Scheme 102. Proposed Reaction Mechanisms for the Synthesis of N-Sulfinyl 1-
Cyanoenamine 254a.  
In order to isolate the intermediate sulfinamide 255 from the 1,2-addition reac-
tion mixture, other imines (rac)-19 were evaluated as a substrate. Treatment of 
imine (rac)-19c with 1 equivalent of Et(iPrO)AlCN at room temperature for 12 h, 
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after addition of the reagent at 78 °C, a 64:36-mixture of dehydrochlorinated 
N-sulfinyl 1-cyanoenamine 254b and -chloro- -cyanosulfinamide 255b were 
isolated, albeit in very low stereoselectivity (12% de, based on the 1H NMR  
spectrum). The latter compounds were purified by consecutive recrystallisation 
from Et2O in 34% and 11% yield, respectively. Due to the small amounts of  
-chloro -cyano sulfinamide 255b isolated, in combination with the low stereo-
selectivity obtained, the absolute configuration was not pursued. It was tried to 
ring close -chloro- -cyanosulfinamide 255b to 2-cyano-1-sulfinylaziridine 256b 
via treatment with 3 equivalents of KOH in H2O/THF (1:1) at various tempera-
tures. However, this resulted in the formation of mixtures of compounds from 





















Scheme 103. Treatment of N-Sulfinyl -Chloro Aldimine (rac)-19c with 
Et(iPrO)AlCN.  
Upon reaction of ketimine 20a with Et(i-PrO)AlCN under the standard conditions, 
-chloro- -cyanosulfinamide 257a was synthesized in excellent yield as a single 
enantiomer (Scheme 104). From this reaction mixture only one stereoisomer was 
isolated after recrystallisation from Et2O/EtOAc (10:1)-mixture in 70% yield. 
Again, no traces of the corresponding 2-cyano-1-sulfinylaziridine 258a were pre-
sent when checked for. Therefore the latter compound was treated with 1 
equivalent of BuLi at -78 °C for 1 h, after dropwise addition of the base at -100 
°C. Subsequently, the reaction mixture was stirred for 12 h at room tempera-
ture. From this reaction mixture no 2-cyano-1-sulfinylaziridine 258a was iso-
lated, but surprisingly, N-sulfinyl 1-cyanocyclopropylamine 259a was isolated 
after flash chromatography in moderate yield (64%). Consecutively, it was also 
tried to perform the 1,2-addition reaction at elevated temperature (60 °C). How-
ever, this resulted in the formation of a complex mixture from which no conclu-
sions were drawn.  
        


































60 °C, 1 h
X
Scheme 104. Reaction of Cyanide with N-Sulfinyl -Chloro Ketimine (rac)-20a.  
4. React ion of N-tert-Butanesulfinyl - Halo I m ines 
with Alkoxides  
4.1. Introduction  
The N-sulfinyl group is used as a chiral directing, electron-withdrawing group in 
the reaction of the latter imines with carbon nucleophiles. However, its use as a 
N-protective group sensu st r ictu is less elaborated. The reaction of -halo imines 
with alkoxides has been studied in detail, giving rise to a variety of allylamines, 
-amino acetals, cyclopropylamines, among other compounds.133a,137,138 How-
ever, the nitrogen deprotection after reaction is rather limited in use.  
Deprotection of the N-sulfinyl group under mild acidic conditions is therefore a 
better alternative then the classical N-aliphatic or N-aromatic -halo imines. 
Yet, less is known about the reactivity of N-tert-butanesulfinyl -halo imines  
toward alkoxides. The latter reactions will be worked out in here.  
4.2. Reaction Optimization  
First, chiral N-sulfinyl -chloro aldimines (rac)-19 were tested for their reactivity 
toward potassium tert -butoxide. Portionwise addition of 1 equivalent of KOtBu to 
aldimine (rac)-19a in THF at reflux temperature and consecutive stirring for 2 h 
at this temperature resulted in a complex reaction mixture from which no  
, -unsaturated imine was isolated after flash chromatography. If the latter reac-
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tion was performed at room temperature for 2 h a mixture of compounds was 
obtained. Also the reaction of 1 equivalent of KOtBu with ketimine (rac)-2 0 d in 
THF at room temperature (2 h) did not afford , -unsaturated ketimine as the 
major compound isolated. Mixtures of , -unsaturated aldehydes,  
, -unsaturated imines and N-sulfinyl -chloro aldimine (rac)-20d were obtained 
in various ratio s. Therefore, these reactions with KOtBu were not worked out  
further. 
In contrast, reaction of 3 equivalents of NaOMe with aldimine (rac)-19a in dry 
MeOH for 2 h at reflux temperature afforded the corresponding N-sulfinyl  
-amino acetal (rac)-260a in 53% yield. If traces of NaOMe (0.05-0.1 equiv) 
were allowed to react with aldimine (rac)-19a in MeOH at room temperature 
over 48 h the corresponding -amino acetal (rac)-260a was synthesized in very 
low yield next some unidentified aldehydes. The latter -amino acetal could not 
be purified by flash chromatography, probably due to its susceptibility to water 
and the acidic deprotection of the sulfinyl group. Fortuitously, -amino acetal 
(rac)-260a was obtained as colourless crystals in 6% yield after recrystallisation 
from Et2O. Reaction at ambient temperature of N-sulfinyl -chloro imine (rac)-
19a with 3 equivalents of NaOMe afforded -amino acetal (rac)-260a in excel-
lent yield (97%), albeit over longer periods of time (16 h). To the best of our 
knowledge, the synthesis of N-tert-butanesulfinyl protected -amino acetals has 
not been described yet. Various N-sulfinyl -amino acetals (rac)-260a- c were 
synthesized in excellent yield (96-98%) starting from N-sulfinyl -chloro  
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Scheme 105. Treatment of N-Sulfinyl -Chloro Aldimines (rac)-19 with NaOMe.  
The mechanism of this unprecedented reaction with N-sulfinimines 19 is pre-
sumably analogous to the reaction of N-alkyl -halo aldimines with alkoxides.138 
An intermediate N-sulfinyl 2-methoxyaziridine is formed after nucleophilic  
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addition of methoxide across the imino function, and consecutive ring closure. 
This highly strained hemi-aminal opens spontaneously and a second equivalent 
of alkoxide attacks immediately generating N-(2,2-dimethoxy-1,1-dimethyl-































Scheme 106. Reaction Mechanism of the Rearrangement of Aldimine (rac)-19 
into N-(2,2-Dimethoxy-1,1-dimethylethyl)-tert-butanesulfinamide (rac)-260a.  
For completeness the reaction of N-sulfinyl -chloro ketimines (rac)-2 0a,d with 3 
equivalents of NaOMe at room temperature in MeOH for 16 h resulted in the syn-
thesis of N-sulfinyl -amino acetals (rac)-260d,e in good yield (92%) after  


























(rac)-260d (92%)  
Scheme 107. Rearrangement of N-Sulfinyl -Chloro Ketimines (rac)-20a,d with 
NaOMe in MeOH. 
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5. React ion of N-tert-Butanesulfinyl , - Halo I m ines 
with Carbon Nucleophiles  
5.1. Introduction  
To this point, N-tert-butanesulfinyl -halogenated imines have received consider-
able attention as versatile intermediates for the synthesis of aziridines, cyclopro-
pylamines, -halo sulfinamides, -chloro- -cyanosulfinamides, N-sulfinyl -amino 
acetals, among other interesting compounds. In particular the reaction of N-
tert-butanesulfinyl -halo imines with Grignard reagents was appealing for the 
straightforward synthesis of azaheterocyclic compounds. Moreover, high yields 
and stereoselectivities were obtained when a Grignard reagent was added upon 
N-tert-butanesulfinyl -halo aldimines 19. Whereas aziridines were easily syn-
thesized by addition of a Grignard reagent across N-tert-butanesulfinyl -halo 
aldimines 19, the latter procedure could lead to azetidines or pyrrolidines when 
the substrate was altered to N-tert-butanesulfinyl -halo aldimines 21a,b or N-
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Scheme 108. Synthesis of Azaheterocyclic Compounds upon Treatment of Halo-
genated Sulfinimines 263 with Grignard Reagents. 
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The simple synthesis of , -halo imines from the corresponding readily available 
, -chloro aldehydes and the subsequent cyclisation, after a nucleophilic addition 
reaction, to azaheterocycles make the , -halogenated imino function an inter-
esting building block. However, from the seminal work with -halo sulfinimines 
19, described in this thesis, it was shown that the chlorine atom had a profound 
influence on the stereochemistry obtained. Therefore, special attention will be 
given regarding this subject. The first preliminary results of this unprecedented 
work are reported here.  
5.2. Reaction of N -Sulfinyl -Halo Aldimines with 
Grignard Reagents  
N-Sulfinyl -chloro aldimines (RS)-21a,b were synthesized via condensation of  
-chloro aldehydes 205 (1.1 equivalents) with (RS)-tert-butanesulfinamide in the 
presence of 2 equivalents of Ti(OEt)4 in THF under reflux or room temperature 
(vide supra). As compared to the 1,2-addition reaction of non-functionalized  
N-sulfinyl imines, the incorporation of a halogen atom in -position of the imino 
bond was expected to influence the reaction rate and the stereochemical out-
come of the 1,2-addition reaction of Grignard reagents.  
N-tert-Butanesulfinyl -chloro imine (RS)-21a was almost completely recovered 
(86% yield) whilst stirred with 1.1 equivalents of EtMgCl in CH2Cl2 at -78 °C for 1 
h (Table 18, entry a). -Chloro imine (RS)-21a was recovered in 83% yield after 
prolongation of the latter reaction at -78 °C for 6 h (Table 18, entry b). Then, 1.1 
equivalents of EtMgCl were added to N-sulfinyl -chloro imine (rac)-21a in 
CH2Cl2 at 78 °C and stirred for 1 hour at this temperature before the tempera-
ture was slowly raised to room temperature and stirring was continued for 12 
hours. A complex reaction mixture was obtained in which no trace of the corre-
sponding sulfinamide was observed (Table 18, entry c). However, the corre-
sponding azetidine 265a was isolated in 36% yield as an inseparable 51:49-
mixture of diastereomers after flash chromatography. It has already been de-
scribed that the 1,2-addition reaction of unfunctionalized sulfinimines, as com-
pared to sulfinimines with an oxygen, nitrogen or halogen atom in -position of 
the imidoyl function, results in the opposite stereoisomer obtained.40a,41a,51a,124d 
As the halogen atom in -chloro imine (rac)-21a is incorporated in -position 
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from the imino function, the chelating effect is reduced. This could be a rationale 
for the bad selectivities obtained during the reaction of -chloro imine (rac)-21a 
with EtMgCl.  
Noteworthy, when the substrate was altered from -chloro imine (rac)-21a to -
bromo imine (rac)-21b in the reaction with EtMgCl, an unexpected reaction out-
come was obtained. Reaction of N-sulfinyl -bromo imine (rac)-21b with 1.1 
equivalents of EtMgCl in CH2Cl2 for 1 hour at 78 °C and 12 hours at room tem-
perature did result in a complex reaction mixture. Azetidine 265a was isolated in 
31% yield as an inseparable mixture of diastereomers (50:50) after flash chro-
matography, next to an unidentified product (Table 18, entry d).  
In the 1H NMR spectrum, two proton systems appeared at 0.37 an 0.68 ppm giv-
ing evidence for N-(2,2-dimethylcyclopropyl)- tert-butanesulfinamide 42m . From 
the mass spectrum it turned out that the latter compound has a molecular 
weight of 189 g/mol and no chlorine or bromine atoms are present. Cyclopro-
pylamine 42m can be formed via a halogen exchange reaction of the Grignard 
reagent with -bromo imine (rac)-21b, followed by intramolecular attack. How-
ever, a radical mechanism cannot be ruled out at this stage.   
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R = Et      265a
R = Ph     265b 
42m
Entry Imine RMgCl (equiv) Temp °C (time h) Yield dra  
a 21a EtMgCl     (1.1) -78 (1) 21a   86% - 
b 21a EtMgCl     (1.1) -78 (6) 21a   83% - 
c 21a EtMgCl     (1.1) -78 (1)  rt (12) 265a  36%b 51:49 
d 21b EtMgCl     (1.1) -78 (1)  rt (12) 265a  31%b 
42m  37%b 
50:50
95:5 
e 21b PhMgCl       (2) -78 (1) -40 (6) 265b  34%b 
265b* 30%b 
56:44 
a Determined by NMR analysis of the reaction mixture. 
b Determined by mass balance, after flash chromatography.  
Addition of 2 equivalents of PhMgCl across -bromo imine (rac)-21b in CH2Cl2 at 
-78 °C and prolongation of the reaction for 6 h at -40 °C did result in the isola-
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tion of both diastereomers of azetidine 265b in 34 and 30% yield, respectively, 






-78 °C, 1 h










(rac)-265b* (30 %)  
Scheme 109. Synthesis of Azetidines 265b and 265* upon Treatment of -
Bromo Sulfinimine 21b with PhMgCl. 
5.3. Reaction of N -Sulfinyl -Halo Aldimine 21c with 
Grignard Reagents  
First, chiral N-sulfinyl -chloro aldimine (rac)-21c was tested for its reactivity 
toward EtMgBr. Dropwise addition of 1.1 equivalent of EtMgBr across aldimine 
(rac)-21c in CH2Cl2 at -78 °C and stirring for 1 h at this temperature resulted in 
the formation of sulfinamide 266a in 36% yield with 84:16 diastereomeric ratio 
(Table 19, entry a). Prolongation of the latter reaction for 4 hours at -78 °C did 
result in the formation of sulfinamide 266a in 85% yield with 85:15 di-
astereomeric ratio (Table 19, entry b). Little pyrrolidine 267a (<5%) was ob-
served in the 1H NMR spectrum.   














R = Et      266a
R = Ph     266b
R = Allyl   266c
Cl Cl
R*
R = Et      267a
R = Ph     267b
R = Allyl   267c  
Entry RMgX    (equiv) Temp °C (time h) Yield   % (%)a drb  
a EtMgBr     (1.1) -78 (1)   266a 36b                   84:16
b EtMgBr     (1.1) -78 (4) 266a 85 (52) 85:15
c PhMgCl     (1.1) -78 (4)   266b 84 (65) 99:1 
d AllylMgCl  (1.1) -78 (4)   2 66c 88 (51) 73:27
e PhMgCl     (1.1) -78 (4) rt (16) 267b 88 (70) >98:2 
a Determined by a mass balance, after flash chromatography. 
b Determined by NMR analysis of the reaction mixture.  
Results, Discussion and Perspectives 
  
126 
Reaction of N-sulfinyl -chloro aldimine (rac)-21c with PhMgCl and AllylMgCl re-
sulted in the formation of sulfinamide 266b and 266c in 84-88% yield and 
73:27-99:1 diastereomeric ratio.  
Upon reaction of 1.1 equivalents of PhMgCl with N-sulfinyl -chloro aldimine 
(rac)-21c in CH2Cl2 for 4 h at -78 °C and prolongation of the reaction for 16 h at 
room temperature resulted in the formation of pyrrolidine (rac)-267b in 88% 
yield as a single diastereomer. 1- tert-Butylsulfinyl-2-arylpyrrolidines 267 have 
already been synthesized via addition of a Grignard reagent prepared from 2-(2-
bromoethyl)-1,3-dioxane to unfunctionalized N-tert-butanesulfinyl aldimines 
15.139 From these results it was clear that 2-phenylpyrrolidine (rac)-267b, syn-
thesized via reaction of PhMgCl with N-sulfinyl -chloro aldimine (rac)-21c, oc-
curred as a 50:50-mixture of (RS,R)-267b and (SS,S)-267b (Scheme 110). As 
expected, this absolute configuration is analogous to the one that is obtained in 
the reaction of unfunctionalized sulfinimines with Grignard reagents, as the chlo-
rine atom cannot interact with the reagent in an energetically favoured cyclic 
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Scheme 110. Synthesis of 1-(tert-butylsulfinyl)-2-phenylpyrrolidine 267b and 
Determination of the Absolute Configuration.  
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6. General Discussion and Perspectives  
During the course of this research, it was clearly shown that halogenation of  
N-sulfinyl imines opens various pathways toward new (aza)heterocyclic com-
pounds. Special attention was made concerning the asymmetric synthesis of the 
starting material for the latter methodologies, leading to unichiral end products, 
greatly improving the possibilities of these compounds in the synthetic and  
medicinal field. Different syntheses of new chiral aziridines were reported, com-
pounds of great interest, and in addition, the newly formed chiral azahetero-
cycles were desulfinylated in a very mild and easy way. The synthesized aza-
heterocycles can be employed as synthons in various organic syntheses. Also, 
the new developed pathways leading to a variety of (aza)heterocycles offer  
medicinal chemists additional pathways in their search for new active com-
pounds. Next to the developed methodologies, other reactions in this domain still 
hold great potential and could lead to new straightforward syntheses of various 
interesting azaheterocycles. 
As an example, the developed methodologies in which N-tert-butanesulfinyl  
-halo aldimines were converted into -substituted aziridines by 1,2-addition  
reaction with Grignard reagents, could also be performed on N-sulfinyl -halo 
aldimines 263. In this way, different chiral heterocycles can be synthesized in a 
very straightforward and enantioselective way allowing mild N-deprotection after 












































Scheme 111. Reaction of Nucleophiles with N-Sulfinyl -Halo Aldimines. 
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In addition, isolation of the intermediate -alkyl or -aryl -halo sulfinamides 
268 would open a new entry to a whole variety of chiral, functionalized amines 
271 and/or heterocycles. Keeping in mind that the halogen atom plays an impor-
tant role on the stereoselectivity, its incorporation further away from the imino 
(269 , n = 1,2,3, ) function should be checked. Moreover, condensation of  
-halo aldehydes or -halo ketones with (SS)-tert-butanesulfinamide (SS)-14a, 
the enantiomer of (RS)-tert-butanesulfinamide (RS)-14a and also commercially 
available, prior to 1,2-addition reaction, would allow the synthesis of either enan-












































Scheme 112. Altered Stereoselectivity upon Change of tert-Butanesulfinamide 
(RS)-14a to (SS)-14a.  
Likewise, change of N-tert-butanesulfinyl -halo aldimines toward N-sulfinyl  
-halo ketimines 2 5 would give rise to chiral 2-mono- and 2,2-disubstituted 
azetidines, pyrrolidines, piperidines among other heterocycles.    
        
















































Scheme 113. Reaction of Nucleophiles with N-Sulfinyl -Halo Ketimines.  
Further elaboration of developed pathways toward 1-cyanocyclopropylamines, 
N,N -disulfinyl 1-(3-chloro-3-methyl-2-iminobutyl)-2,2-dimethylcyclopropyl-
amines, 2-alkyl-2-arylaziridines and 3-aryl-3-pyrrolidines would open a lot of 
possibilities for further exploration of the potential of this methodology.  
In conclusion, the combination of an N-sulfinyl imino moiety and a halogen atom 
incorporated in one structure, shows great potential for further elaboration  
toward syntheses of a variety of interesting heterocycles, among other  
compounds. The fact that stereocontrolled reactions of N-sulfinyl -halo imines is 
now already thoroughly understood and applicable highlights the value of every 




Chapter 3. Experimental Part 
1. Instrumental Material 
1.1. Column Chromatography  
The purification of the reaction mixtures was performed by column chromatogra-
phy with silica gel (Acros, particle size 0.035-0.070 mm, pore diameter ca. 6 
nm). Solvent systems were determined via initial TLC analysis (Merck Kieselgel 
60F254, precoated 0.25 mm). As detection methods UV light, adsorption with io-
dine vapours or colouring with KMnO4 was used.  
1.2. NMR Spectroscopy  
High resolution 1H NMR (270 MHz), 13C NMR (68 MHz) spectra were recorded on 
a JEOL JNM-EX 270 NMR apparatus. 1H NMR and 13C NMR spectra were acquired 
at 300 MHz and 75 MHz, respectively, with a JEOL JNM-EX 300 NMR spectrome-
ter. Peak assignments were obtained using DEPT, HSQC, HMBC, COSY, DQF-
COSY and Carbon undecoupled spectra. The compounds were diluted in deuter-
ated solvents, with tetramethylsilane (TMS) as internal standard.  
1.3.  Mass Spectrometry  
Low resolution mass spectra were recorded on a Varian MAT 112 spect rom eter 
(EI, 70 eV) by using GC-MS coupling or via a direct inlet system on a Agilent 
1100 Series VS (ESI, 4000 V) mass spectrometer. Some volatile samples were 
recorded on a HP 6890 GC coupled with a HP 5973 MSD (Mass Selective Detec-
tor, quadrupole). High resolution mass spectra were recorded on a Finnigan MAT 
95 XP-API-GC-Trap tandem Mass spectrometersystem (ES, 5000V). 
1.4. Infrared Spectrometry  
IR spectra were obtained using a Perkin Elm er Spect rum One infrared spec-
trometer. For liquid samples, the spectra were collected by preparing a thin film 





mixed with potassium bromide and pressed until a transparent potassium bro-
mide plate was obtained. 
1.5. Chromatography   
Gas chromatography was performed using an Agilent 6980 Series gas chromato-
graph. A fused silica capillary column was used (type AT-1, film thickness 0.25 
µ m, length 30 m, i.d. 0.25 mm) with nitrogen as carrier gas. The GC was cou-
pled with a FID detector (H2 gas).  
1.6. Dry Solvents  
Diethyl ether, tetrahydrofuran and toluene were distilled from sodium benzophe-
none ketyl prior to use, whereas dichloromethane was distilled from calcium hy-
dride and kept over molecular sieves. Methanol was reacted in the presence of 
magnesium metal, distilled and kept over molecular sieves. Acetonitrile was dis-
tilled from calcium hydride and kept over molecular sieves. DMSO was distilled 
and kept over molecular sieves.  
1.7. Melting Point  





2. Synthesis of tert-Butanesulfinamide 
2.1. Synthesis of t - Butyl t -butanethiosulfinate11  
Into a flask of 1 L was added 1.33 g (5.00 mmol) of VO(acac)2 followed by 400 
mL of MeCN. The resulting blue-green solution was stirred for ca. 10 min when 
160 mL (750 mmol) of t-butyl disulfide 44a was added. The flask was immersed 
in a circulating water bath (ca. 15 °C) and consecutively 86 mL (1.2 equiv) of 
cold 45% aqueous hydrogen peroxide was added in a slow and constant stream 
(1 hour), resulting in the formation of a dark brown color of the organic phase. 
The temperature in the reaction mixture was kept below 25 °C. When the hydro-
gen peroxide was added the dark brown color of the organic phase faded to yel-
low and turned to green-blue after 6-12 hours. Via 1H NMR control the excess 
hydrogen peroxide was calculated (1.30 ppm vs. 1.39 and 1.56 ppm) and added 
as mentioned before (0.2-0.8 equiv) but the temperature in the reaction mixture 
was not allowed to raise above 18 °C. CAUTION: In the presence of metals such 
as vanadium, wolframe, palladium, H2O2 may explode when heated so it is im-
portant to check with an indicator if all the H2O2 is consumed before the workup 
is started. The reaction mixture was allowed to stir until the green-blue color ap-
peared. Then, the reaction mixture was concentrated in vacuo until the aqueous 
and the organic layer separated (250-350 mL). Both layers were cooled in an ice 
bath before the aqueous layer was extracted with CH2Cl2 (2 x 150 mL). The com-
bined organic layers were consecutively washed with 50 mL of saturated Na-
HSO3, 50 mL of KHCO3 and 2 x 50 mL of brine, before drying over MgSO4, filtra-
tion and concentration. t-Butyl t -butanethiosulfinate 53a was obtained as a thick 
yellow oil (77%) after purification by distillation (52-54 °C at 0.3 mmHg). The 
unreacted t-butyl disulfide was recovered in 2-10% (30-37 °C at 0.3 mmHg).   
Literature boiling point:11  t-Butyl t-butanethiosulfinate: 37 °C at 0.5 mmHg 





Yellow oil (0.3 mmHg, bp 52-54 °C), 77%. IR (neat, cm-1) max: 
1075, 1365. MS m/z (%): 194.1 (100, [M+H]+). 1H NMR (300 
MHz, CDCl3): 1.39 and 1.56 (18H, 2*s, tBu). 13C NMR (75 MHz, 
CDCl3): 24.0 and 32.2 (CH3, tBu), 48.2 and 59.0 (Cq, tBu).   
2.2. Synthesis of tert- Butanesulfinyl Chloride8 a  
In a three necked 1 L flask, equipped with a thermometer, chlorine gas inlet and 
cooler, was added 100 g (500 mmol) of freshly prepared t-butyl t -
butanethiosulfinate 53a dissolved in a large volume of dry CH2Cl2. The reaction 
mixture was cooled to -5 a -10 °C before 550 mmol (39.0 g) of chlorine gas was 
added at a 0.2-0.3 g/min flow. The temperature was kept below 7 °C by tempo-
rarily cutting of the gas inlet. The solvent was removed under atmospheric pres-
sure before distillation of the sulfinyl chloride 50a under reduced pressure (17 
mmHg, bp 50-55 °C). A thick white oil was obtained in 81% yield.   
Literature boiling point:7 t -BuS(O)Cl 20 mmHg, bp 53-54 °C.  
White oil (17 mmHg, bp 50-55 °C), 81%. IR (neat, cm-1) max: 1141, 
1367. MS m/z (%): 140.1/142.1 (100, [M+H]+). 1H NMR (300 MHz, 
CDCl3): 1.41 (9H, s, tBu). 13C NMR (75 MHz, CDCl3): 22.3 (CH3, 
tBu), 64.3 (Cq, tBu).  
2.3. Synthesis of tert- Butanesulfinamide8 a  
To 1 L of a rapidly stirred mixture of 30% aqueous ammonium hydroxide solution 
(750 mL) and CH2Cl2 (250 mL) was slowly added 50 g of t -butanesulfinyl chloride 
50a (355 mmol) dissolved in 500 mL CH2Cl2 at 0 °C. After the addition was com-
pleted, the reaction mixture was stirred for an additional 30 min, saturated with 
NaCl and extracted with CH2Cl2 (4 x 150 mL). The combined organic layers were 
dried (MgSO4), filtered, and concentrated to provide 23 g (54%) of pure tert-
butanesulfinamide 14a as a white solid (mp 100.2±0.4 °C). Literature mp 97-










White solid (mp 100.2±0.4 °C), 54%. I R (KBr, cm-1) max: 1038, 
1365. MS m/z (%): 121.1 (100, [M+H]+). 1H NMR (300 MHz, 
CDCl3): 1.23 (9H, s, tBu), 3.70 (2H, s (broad), NH2). 13C NMR (75 
MHz, CDCl3): 22.2 (CH3, tBu), 55.6 (Cq, tBu).   
Both enantiomers were obtained separately from commercial sources:  
(RS)-tert-Butanesulfinamide:  98% purity; >98% ee (Advanced Asymmetrics)      
98% purity; >97% ee (Sigma-Aldrich) 
(SS)-tert-Butanesulfinamide:  98% purity; >98% ee (Advanced Asymmetrics)      
97% purity; >97% ee (Sigma-Aldrich)  
3. Synthesis of Halogenated Ketones  
3-Ethyl-2-pentanone 200b was synthesized via addition of MeMgI across 2-
ethylbutanal using a standard procedure.140 1-Cyclohexylethanone 200c was 
synthesized by addition of c-HexMgBr to acetic anhydride. The latter reaction 
was very exothermic and rather uncontrollable.140 Therefore it is advised to syn-
thesize 1-cyclohexylethanone via addition of MeMgI across 1-
cyclohexylcarbaldehyde, followed by oxidation of the intermediate alcohol 
formed.   
3.1. Oxidation of Halogenated Alcohols  
A mixture of PCC (21.5 g, 100 mmol) and silica gel (22.0 g) was ground to a fine 
powder using a mortar and pestle in the hood. The light orange mixture was 
added to 250 mL of CH2Cl2 in a beaker (500 mL). While swirling the orange sus-
pension in a water bath, 50 mmol of the alcohol was added in 4 portions while 
swirling was continued. The temperature was kept below 25 °C. After 1-4 hours 
the reaction was completed when checked for by TLC. The reaction mixture was 
diluted with Et2O (400 mL) and filtered over celite (1 cm) and SiO2 (3.5 cm). The 
filtrate was concentrated under vacuum and the resulting oil was diluted with 








layer was dried (MgSO4), filtered and concentrated to afford a dark oil. The car-
bonyl compounds were purified by distillation under reduced pressure.  
3-Chloro-2,2-dimethylpropanal 205a: 55%. 25 mmHg, bp: 55-58 °C.140 
3-Bromo-2,2-dimethylpropanal 206a: 54%. 20 mmHg, bp: 62-65 °C.140 
4-Chlorobutanal 205a: 48%. 10 mmHg, bp: 34-37 °C.142 
3-Ethyl-2-pentanone 200b: 70%. 80 mmHg, bp: 67-74 °C.140  
3.2. Thermodynamic Halogenation Reaction of Ke-
tones143  
In a three necked flame dried flask of 1000 ml, equipped with magnetic stir bar, 
thermometer, reflux condenser and teflon elongated syringe inlet was dissolved 
1.00 mol of ketone and 0.1 equivalent of DMF.HCl in 700 mL of CH2Cl2. The mix-
ture was warmed to reflux temperature before 0.75 equivalent of SO2Cl2, dis-
solved in CCl4 (2 M), was added via a polypropylene-syringe over 48 hours (the 
syringe may leak after more than 12 hours; CAUTION SO2Cl2 reacts with sof-
tener-components of some plastics). Use glass and teflon at any time possible. 
When the addition was completed the reaction mixture was allowed to stir for 1 
hour before it was cooled to room temperature. 1 M NaOH was added dropwise to 
set the pH at 7. Then the organic layer was extracted and washed with brine (50 
mL). The organic layer was dried (MgSO4), filtered and concentrated. All -chloro 
ketones 201 synthesized were obtained as colourless oils after distillation 
(201a,c) or flash chromatography (201b).  
3-Chloro-3-methyl-2-butanone 201a: 65%. 760 mmHg, bp: 148-154 °C.143  
3-Chloro-3-ethyl-2-pentanone 201b: 51%. Petroleum ether/EtOAc 95:5-mixture 
Rf 0.25.143  




4. Synthesis of N - tert-Butanesulfinyl Imines 
4.1. Synthesis of N - ( tert-Butane)Sulfinyl Aldimines  
In a flame-dried round bottom flask was made a 0.5 M-solution of the aldehyde 
203 (11 mmol) and Ti(OEt)4 (tech. grade, ~20% Ti; 1.2-2.0 equiv) in dry THF 
under nitrogen atmosphere. tert-Butanesulfinamide 14a (10 mmol) was added in 
one portion and allowed to stir for 1-16 hours at 20-75 °C. After completion the 
reaction mixture poured in an equal volume of brine with EtOAc (1:1-mixture), 
while rapidly stirring. The suspension was filtered over Celite and the solids were 
washed with EtOAc (2 x 10 mL) and extracted with EtOAc (3 x 20 mL). The com-
bined organic fractions were dried (MgSO4), filtered and concentrated to provide 
analytically pure material as such (15a , 19a- c), after flash chromatography 
((rac)-207a- b, (rac)-21a , (RS)-21b,c) or after recrystallisation from Et2O ((rac)-
207c, (rac)-19d).   
Table 20. Reaction Time and Temperature Applied during the Synthesis of Aldi-
mines 15,19,21,207.  
N- tert-butanesulfinimine Temp (°C) Time (h) Yield (%) Comment
(rac)-15a 75 1 90  
(RS)-19a 75 4 92  
(RS)-19b 75 4 87  
(RS)-19c 75 4 95  
(rac)-19d 60 16 80 In the dark
(rac)-207a 20 16 86 In the dark
(rac)-207b 20 16 84 In the dark
(rac)-207c 20 16 49 In the dark
(rac)-21a 75 (20) 6 (16) 83  
(RS)-21b 75 (20) 6 (16) 78  
(RS)-21c 20 16 74 In the dark
( rac) - N - (2-Methyl- 1 -propylidene)- tert-butanesulfinamide [( rac) -15a]  
Colourless oil, 90%. IR (neat, cm-1) max: 1085, 1364, 1622. MS 









d, J 6.9 Hz, CHMe2), 1.18 (9H, s, tBu), 2.71 (1H, m, CHMe2), 7.98 (1H, d, J 4.4 
Hz, CHN). 13C NMR (75 MHz, CDCl3): 19.0 (CHMe2), 22.3 (CH3, tBu), 34.9 
(CHMe2), 56.5 (Cq, tBu), 173.6 (CHN).   
( RS) - N - (2-Chloro- 2 -methyl- 1 -propylidene)- tert-butanesulfinamide [( RS) - 
19a] Viscous white oil, 92%. [ ] D -256 (c 0.15, CHCl3). IR (neat, 
cm-1) max: 1093, 1366, 1623. MS m/z (%): 210.1/212.1 (70, 
[M+H]+), 154.0/156.0 (100, [M+2H-tBu]+). 1H NMR: (300 MHz, 
CDCl3) 1.18 (9H, s, tBu), 1.73 and 1.74 (6H, 2*s, CClMe2), 7.98 
(1H, s, CHN). 13C NMR: (75 MHz, CDCl3) 22.5 (CH3, tBu), 29.3 and 
29.8 (CClMe2), 57.6 (Cq, tBu), 66.7 (CClMe2), 168.2 (CHN).   
( RS) - N - (2-Chloro- 2 -ethyl- 1 -butylidene)- tert- butanesulfinamide [( RS) - 
19b] Yellow oil, 87%. [ ] D -185 (c 0.7, CHCl3). IR (neat, cm-1) 
max: 1093, 1364, 1620. MS m/z (%): 238.0/240.1 (80, 
[M+H]+), 182.0/184.0 (100, [M+2H-tBu]+). 1H NMR: (300 MHz, 
CDCl3) 0.73 and 0.80 (6H, 2*t, J 7.4 Hz, CH3, CClEt2), 0.98 (9H, 
s, tBu), 1.60-1.85 (4H, m, CH2, CClEt2), 8.18 (1H, s, CHN). 13C 
NMR: (75 MHz, CDCl3) 8.7 (CH3, CClEt2), 22.3 (CH3, tBu), 31.6 and 31.8 (CH2, 
CClEt2), 57.2 (Cq, tBu), 75.9 (CClEt2), 168.3 (CHN).   
( RS) - N - (1-Chlorocyclohexyl)methylidene)- tert-butanesulfinamide [( RS) - 
19c] White solid, 95%. [ ] D -156 (c 0.45, CHCl3). IR (KBr, cm-
1) max: 1090, 1363, 1615. MS m/z (%): 250.1/252.1 (100, 
[M+H]+), 194.0/196.0 (70, [M+2H-tBu]+), 158.0 (33, [M+H-
tBu-Cl]+). 1H NMR: (300 MHz, CDCl3) 1.23 (9H, s, tBu), 1.24-
2.14 (10H, m, c-Hex), 7.99 (1H, s, CHN). 13C NMR: (75 MHz, 
CDCl3) 22.1 ( , -CH2, c-Hex), 22.6 (CH3, tBu), 25.1 ( -CH2, c-Hex), 36.7 and 
36.8 ( , -CH2, c-Hex), 57.6 (Cq, tBu), 71.7 (CCl(CH2)5), 168.3 (CHN).   
( rac) - N - (2-Chloro- 3 -phenyl- 2 -propen- 1 -ylidene)- tert-butanesulfinamide 
[ ( rac) -19d] Yellow solid (mp 104.5±0.1 °C), 80%. IR (KBr, 
cm-1) max: 1078, 1367, 1449, 1585, 1605. MS m/z (%): 
270.0/272.0 (20, [M+H]+), 214.0/216.0 (100, [M+2H-
tBu]+). 1H NMR (300 MHz, CDCl3): 1.27 (9H, s, tBu), 7.26 




























NMR (75 MHz, CDCl3): 22.6 (CH3, tBu), 58.2 (Cq, tBu), 128.8 (Com, Ph), 129.4 
(CCl), 130.6 (Cp, Ph), 130.8 (Com, Ph), 133.2 (Cq, Ph), 141.4 (CHPh), 160.9 
(CHN).   
( rac) - N - (2,2-Dichloro- 1 -propylidene)- tert-butanesulfinamide [( rac) - 
207a] (Petroleum ether/ EtOAc 8:2, Rf O.6) Viscous yellow oil, 
86%. IR (neat, cm-1) max: 1097, 1366, 1622. MS m/z (%): 
230.0/232.0/234.1 (55, [M+H]+), 174.0/176.0/178.0 (100, [M+2H-
tBu]+), 138.0/140.0 (25, [M+H-tBu-Cl]+). 1H NMR: (300 MHz, 
CDCl3): 1.22 (9H, s, tBu), 2.32 (3H, s, CCl2CH3), 8.24 (CHN). 13C 
NMR (75 MHz, CDCl3): 22.6 (CH3, tBu), 32.9 (CCl2CH3), 58.6 (Cq, tBu), 83.1 
(CCl2), 163.0 (CHN).   
( rac) - N - (2,2-Dichloro- 3 -methyl-butylidene)- tert-butanesulfinamide 
[ ( rac) -207b] (Petroleum ether/ EtOAc 3:1, Rf O.65) Viscous co-
lourless oil, 84%. IR (neat, cm-1) max: 1094, 1366, 1625, 2978. 
MS m/z (%): 258.2/260.2/262.2 (85, [M+H]+), 202.2/204.2/206.2 
(20, [M+2H-tBu]+). 1H NMR (300 MHz, CDCl3): 1.20 (6H, d, J 6.6 
Hz, CHMe2), 1.26 (9H, s, tBu), 2.64 (1H, sept, J 6.6 Hz, CHMe2), 
7.98 (CHN). 13C NMR (75 MHz, CDCl3): 18.0 and 18.1 (CHMe2), 22.6 (CH3, tBu), 
40.8 (CHMe2), 58.5 (Cq, tBu), 93.7 (CCl2), 163.4 (CHN).   
( rac) - N - (2,2,4-Trichloro- 4 -phenyl- 1 -butylidene)- tert-butanesulfinamide 
[ ( rac) - 207c] Colourless crystals (mp 61.5±0.3 °C), 49%. 
IR (KBr, cm-1) max: 1084, 1364, 1458, 1632. MS m/z (%): 
354.0/356.0/358.0/360.0 (25, [M+H]+), 318.0/320.0/322.0 
(15, [M-Cl]+, 262.0/264.0/266.0 (100, [M+H-tBu-Cl]+), 
226.0/228.0 (25, [M-tBu-2Cl]+). 1H NMR (300 MHz, CDCl3): 
1.20 (9H, s, tBu), 3.28 (1H, dd, J 15.0 Hz, 7.2 Hz, Ha, CH2), 3.45 (1H, dd, J 15.0 
Hz, 6.1 Hz, Hb, CH2), 5.27 (1H, dd, J 7.2 Hz, 6.1 Hz, CHCl), 7.32-7.41 (5H, m, 
Ph), 7.75 (1H, s, CHN). 13C NMR (75 MHz, CDCl3): 22.6 (CH3, tBu), 54.0 (CH2), 
58.0 (CHCl), 58.7 (Cq, tBu), 84.9 (CCl2), 127.4 (Com, Ph), 129.1 (Com, Ph), 129.3 
(Cp, Ph), 139.7 (Cq, Ph), 161.9 (CHN).      
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( rac) - N - (3-Chloro-2,2-dimethyl- 1 -propylidene)- tert-butanesulfinamide 
[ ( rac) -21a] (Petroleum ether/ EtOAc 8:2, Rf O.5) Colourless oil, 
83%. IR (neat, cm-1) max: 1085, 1365, 1624. MS m/z (%): 
224.1/226.1 (95, [M+H]+), 168.0/170.0 (100, [M+2H-tBu]+). 1H 
NMR (300 MHz, CDCl3): 1.21 (9H, s, tBu), 1.26 and 1.27 (3H, s, 
CH3, CMe2), 3.58-3.68 (2H, m, ClCH2), 7.91 (1H, s, CHN). 1 3C NMR (75 MHz, 
CDCl3): 22.3 (CH3, tBu), 23.0 and 23.1 (CMe2), 42.8 (CMe2), 51.7 (CH2Cl), 56.9 
(Cq, tBu), 172.2 (CHN).   
( RS) - N - (3-Bromo-2,2-dimethyl- 1 -propylidene)- tert-butanesulfinamide 
[ ( RS) - 21b] (Petroleum ether/ EtOAc 8:2, Rf O.5) Colourless oil, 
78%. [ ] D -148 (c 0.2, CHCl3). IR (neat, cm-1) max: 1085, 1365, 
1460, 1622, 2965. MS m/z (%): 268.0/270.0 (45, [M+H]+), 
188.0 (100, [M-Br]+). 1H NMR (300 MHz, CDCl3): 1.22 (9H, s, 
tBu), 1.29 and 1.30 (6H, 2*s, CH3, CMe2), 3.49 (1H, J 10.0 Hz, 
Ha, BrCH2), 3.54 (1H, J 10.0 Hz, Hb, BrCH2), 7.90 (1H, s, CHN). 13C NMR (75 
MHz, CDCl3): 22.4 (CH3, tBu), 24.0 and 24.2 (CMe2), 42.2 (CMe2), 41.1 (CH2Br), 
57.1 (Cq, tBu), 172.2 (CHN).   
( RS) - N - (4-Chloro- 1 -butylidene)- tert-butanesulfinamide [( RS) - 21c] 
(Petroleum ether/ EtOAc 8:2, Rf O.7) Green oil, 74%. [ ] D -156 
(c 0.4, CHCl3). IR (neat, cm-1) max: 1084, 1364, 1625. MS m/z 
(%): 210.1/212.1 (20, [M+H]+), 154.0 (100, [M+2H-tBu]+). 1H 
NMR (300 MHz, CDCl3): 1.20 (9H, s, tBu), 2.14 (2H, q, J 6.6 
Hz, ClCH2CH2), 2.71 (2H, td, J 6.6 Hz, 4.0 Hz, CH2CHN), 3.63 
(2H, td, J 6.6 Hz, 1.1 Hz, ClCH2), 8.11 (1H, t, J 4.0 Hz, CHN). 13C NMR (75 MHz, 
CDCl3): 22.4 (CH3, tBu), 28.0 (ClCH2CH2), 33.2 (NCHCH2), 44.0 (CH2Cl), 56.7 
(Cq, tBu), 167.9 (CHN).   
4.2. Synthesis of Aliphatic N - ( tert-Butane)Sulfinyl 
Ketimines  
In a flame-dried flask was made a 0.5 M THF solution of 201 (201c in isooctane) 
(11 mmol) under nitrogen atmosphere. 0.9 Equivalent of RS-(+)-tert-





















portion and allowed to stir for 6-48 h at 20-75 °C (201c at 98 °C). After comple-
tion, the reaction mixture was cooled to 0 °C and poured in an equal volume of 
brine and EtOAc (1:1-mixture), while rapidly stirring. The suspension was filtered 
over Celite and the solids were washed with EtOAc (2 x 10 mL) and extracted 
with EtOAc (3 x 20 mL). The combined organic fractions were dried (MgSO4), 
filtered and concentrated. The excess of ketones 201 were removed via high 
vacuum distillation affording the pure N-sulfinyl -chloro ketimines 20 as such 
((rac)-16e, (rac)-20a- d) or after flash chromatography ((rac)-209a , (rac)-
212a , (rac)-214a). Compound (rac)-21d could not be purified, and had to be 
used as such (purity 80%).  
Table 21. Reaction Time and Temperature Applied during the Synthesis of 
Ketimines 16,20,21,209,212,214.  
N- tert-butanesulfinimine Temp (°C) time (h) Yield (%) Comment 
(rac)-16e 75 8 89  
(RS)-20a 75 24 91  
(RS)-20b 75 24 82  
(RS)-20c 98 16 89  
(rac)-20d 75 8 94  
(rac)-209a 60 6 86 In the dark 
(rac)-21d 20 16 71 In the dark 
(rac)-212a 20 36 14 In the dark 
(rac)-214a 20 36 49 In the dark 
( rac) - N - (1-Methyl- 2 -ethyl- 1 -butylidene)- tert-butanesulfinamide [( rac) - 
16a] Colourless oil, 89%. IR (neat, cm-1) max: 1076, 1362, 
1622. MS m/z (%): 218.0/220.0 (100, [M+H]+). 1H NMR (300 
MHz, CDCl3): 0.88 (6H, 2*t, J 7.4 Hz, CH3, CClEt2), 1.25 (9H, s, 
tBu), 1.41-1.61 (4H, m, CH2, CClEt2), 2.16-2.26 (1H, m, CHEt2), 
2.28 (3H, s, CMeN). 13C NMR (75 MHz, CDCl3): 11.8 (2*CH3, 
CClEt2), 21.5 (CMeN), 22.3 (CH3, tBu), 25.14 and 25.43 (CH2, CClEt2), 55.8 










( RS) - ( - ) - N - (2- Chloro-1,2-dimethyl- 1 - propylidene)- tert-butanesulfin-
am ide [ ( RS) -20a] Viscous colourless oil, 91%. [ ] D -187 (c 
0.15, CHCl3). IR (neat, cm-1) max: 1081, 1364, 1458, 1627. MS 
m/z (%): 224.2/226.2 (100, [M+H]+). 1H NMR (300 MHz, 
CDCl3): 1.25 (9H, s, tBu), 1.75 (6H, s, CClMe2), 2.52 (3H, s, 
CMeN). 13C NMR (75 MHz, CDCl3): 18.2 (MeC(N)CCl), 22.4 (CH3, 
tBu), 29.8 and 30.1 CClMe2), 57.5 (Cq, tBu), 71.9 (CClMe2), 181.1 (CMeN).   
( RS) - ( - ) - N - (2- Chloro- 2 -ethyl- 1 -methyl- 1 -butylidene)- tert-butanesulfin-
am ide [ ( RS) - 2 0b] Yellow oil, 82%. [ ] D -213 (c 0.5, CHCl3). IR 
(neat, cm-1) max: 1082, 1364, 1619. MS m/z (%): 251.7/253.8 
(100, [M+H]+). 1H NMR (300 MHz, CDCl3): 0.94 and 0.96 (6H, 
2*t, J 7.4 Hz, CH3, CClEt2), 1.27 (9H, s, tBu), 1.93-2.15 (4H, m, 
2*CH2, CClEt2), 2.94 (3H, s, CMeN). 13C NMR (75 MHz, CDCl3): 
9.0 (CH3, CClEt2), 19.5 (MeC(N)CCl), 22.4 (CH3, tBu), 31.5 and 32.3 (CH3, 
CClEt2), 57.3 (Cq, tBu), 81.1 (CClEt2), 182.5 (CMeN).   
( RS) - N - (1-Chlorocyclohexyl)ethylidene)- tert-butanesulfinamide [( RS) - 
2 0c] Colourless viscous oil, 89%. [ ] D -113 (c 0.2, CHCl3). IR 
(neat, cm-1) max: 1082, 1448, 1363, 1623, 2936. MS m/z (%): 
264.0/266.1 (100, [M+H]+). 1H NMR (300 MHz, CDCl3): 1.26 
(9H, s, tBu), 1.55-2.15 (1H, m, c-Hex), 2.49 (3H, s, CMeN). 13C 
NMR (75 MHz, CDCl3): 18.2 (CMeN), 22.1 and 22.2 ( , -CH2, c-
Hex), 22.4 (CH3, tBu), 25.0 ( -CH2, c-Hex), 36.5 and 36.7 ( , -CH2, c-Hex), 57.5 
(Cq, tBu), 76.7 (CCl(CH2)5), 182.3 (CMeN).   
( rac) - N - (2-Chloro- 1 -methyl- 1 -propylidene)- tert-butanesulfinamide 
[ ( rac) -20d] Yellow oil, 94%. IR (neat, cm-1) max: 1082, 1364, 
1634. MS m/z (%): 210,1/212,1 (60, [M+H]+), 154,0/156,0 (100, 
[M+2H-tBu]+). 1H NMR (300 MHz, CDCl3): 1.23 (9H, s, tBu), 1.59 
and 1.60 (3H, d, J 6.6 Hz, CH3, MeCHCl), 2.42 and 2.43 (3H, s, 
CH3, CMeN), 4.48 and 4.49 (1H, q, J 6.6 Hz, CHCl). 13C NMR (75 
MHz, CDCl3): 18.7 and 19.3 (MeC(N)CHCl), 21.6 and 21.8 (MeCHCl), 22.6 (CH3, 




























( rac) - N - (2,2-Dichloro- 1 -methyl- 1 -ethylidene)- tert-butanesulfinamide 
[ ( rac) -209a] (Petroleum ether/ EtOAc 3:1, Rf O.6) Viscous yellow 
oil, 86%. IR (neat, cm-1) max: 1085, 1365, 1635. MS m/z (%): 
230.0/232.0/234.0 (25, [M+H]+), 174.0/176.0/177.9 (100, 
[M+2H-tBu]+). 1H NMR (300 MHz, CDCl3): 1.27 (9H, s, tBu), 2.57 
(3H, s, CH3, CMeN), 5.96 (1H, s, CHCl2). 13C NMR (75 MHz, 
CDCl3): 15.5 (CH3, CMeN), 22.8 (CH3, tBu), 58.9 (Cq, tBu), 73.9 (CHCl2), 173.8 
(CMeN).   
( rac) - N - (4-Chloro- 1 -methylbutylidene)- tert-butanesulfinamide [( rac) - 
21d] Yellow oil, 71% (80% purity). IR (neat, cm-1) max: 1075, 1190, 
1363, 1456, 1624, 2868, 2961. MS m/z (%):224.4/226.3 (100, 
[M+H]+). 1H NMR (300 MHz, CDCl3): 1.24 (9H, s, tBu), 2.10 (2H, 
quint, J 6.6 Hz, ClCH2CH2), 2.35 (3H, s, CH3C=N), 2.60 (2H, t, J 6.6 
Hz, NCHCH2), 3.60 (2H, t, J 6.6 Hz, ClCH2). 1 3C NMR (75 MHz, 
CDCl3): 22.2 (CH3, tBu), 23.5 (MeC=N), 28.0 (ClCH2CH2), 40.0 (NCCH2), 44.3 
(ClCH2), 56.4 (Cq, tBu), 184.1 (CMeN).  
( rac) - N - (1,3-Dichloro- 3 -pentylidene)- tert-butanesulfinamide [( rac) - 
212a] (Petroleum ether/ EtOAc 8:2, Rf O.5) Yellow oil, 14%. IR 
(neat, cm-1) max: 1072, 1086, 1363, 1625, 3435. MS m/z (%): 
258.1/260.0/262.0 (30, [M+H]+), 202.0/204.0/206.0 (100, [M+2H-
tBu]+). 1H NMR (300 MHz, CDCl3): 1.30 (9H, s, tBu), 1.70 (6H, d 
(broad), MeCHCla,b), 4.96 and 5.94 (1H, m (broad), CHCla,b). 13C 
NMR (75 MHz, CDCl3): 22.9 (CH3, tBu), 23.2 and 24.3 (CH3CHCla,b), 52.1 (broad, 
CHCla,b), 59.2 (Cq, tBu), 178.2 (C=N).   
( rac) - N - (1,1,3,3-Tetrachloro- 2 -propylidene)- tert- butanesulfinamide 
[ ( rac) -214a] (Petroleum ether/ EtOAc 8:2, Rf O.5) Brown oil, 
49%. IR (neat, cm-1) max: 1084, 1368, 1631. MS m/z (%): 
297.9/299.9/301.9/303.9 (90, [M+H]+), 241.9/243.8/245.8/247.9 
(30, [M+2H-tBu]+), 223.9/225.8/227.8/ 229.8 (100, [M+H-tBu-
OH]+). 1H NMR (300 MHz, CDCl3): 1.35 (9H, s, tBu), 6.72 and 
7.98 (2H, 2*s (broad), CHCl2). 13C NMR (75 MHz, CDCl3): 23.3 (CH3, tBu), 60.5 
and 64.4 (broad, CHCl2), 62.6 (Cq, tBu), 165.4 (C=N).   
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4.3. Synthesis of Aromatic N - ( tert-Butane)Sulfinyl 
Ketimines  
In a flame-dried flask was made a 0.5 M solution of 2-haloacetophenones 201e-
g (10 mmol) and Ti(OEt)4 (tech. grade, ~20% Ti; 2.0 equiv) in dry THF under 
nitrogen atmosphere. tert-Butanesulfinamide 14a (10 mmol) was added in one 
portion and allowed to stir for 48 hours at reflux temperature (ketone 201g was 
stirred for 96 h at room temperature). After completion the reaction mixture was 
cooled to 0 °C and poured in an equal volume of brine and EtOAc (1:1-mixture), 
while rapidly stirring. The suspension was filtered over Celite and the solids were 
washed with EtOAc (2 x 10 mL) and extracted with EtOAc (3 x 20 mL). The com-
bined organic fractions were dried (MgSO4), filtered and concentrated. Analyti-
cally pure material was obtained after single recrystallisation from Et2O or 
Et2O/EtOAc (2:1-mixture) for all imines except for , -dihalo ketimines 209b- d 
that were purified by flash chromatography.  
( RS) - N - [2-Chloro- 1 -phenylethylidene]- tert-butanesulfinamide (RS) -20e  
Colourless crystals (mp: 68.3 0.2 °C), 89%. [ ] D -31 (c 0.2, 
CHCl3). IR (KBr, cm-1) max: 1062, 1364, 1574, 1604, 2925. MS 
m/z (%): 258.2/260.2 (100, [M+H]+). 1H NMR (300 MHz, CDCl3): 
1.37 (9H, s, tBu), 5.01 (1H, d, J 10.7 Hz, Ha, CH2Cl), 5.18 (1H, d, J 
10.7 Hz, Hb, CH2Cl), 7.40-7.90 (5H, m, Ph). 13C NMR (75 MHz, 
CDCl3): 23.3 (CH3, tBu), 35.5 (broad, CH2Cl), 59.7 (Cq, tBu), 127.6 
(Com, Ph), 128.8 (Com, Ph), 132.0 (Cp, Ph), 136.0 (Cq, Ph), 169.6 (C=N).   
( RS) - N - [2- Chloro- 1 - (4-chloorfenyl)ethylideen]- tert-butaansulfinamide 
( RS) -20f Yellow crystals, 88%. (mp: 81.7 0.3 °C). [ ] D -16 (c 
0.2, CHCl3). IR (KBr, cm-1) max: 1071, 1362, 1561, 1587, 
1601, 2980. MS m/z (%): 292.3/294.2/296.3 (100, [M+H]+), 
236.2/238.3/240.0 (20, [M+2H-tBu]+). 1H NMR (300 MHz, 
CDCl3): 1.36 (9H, s, tBu), 5.00 (1H, d, J 11.1 Hz, Ha, CH2Cl), 
5.14 (1H, d, J 11.1 Hz, Hb, CH2Cl), 7.43-7.80 (4H, m, C6H4). 13C NMR (75 MHz, 
CDCl3): 23.2 (CH3, tBu), 35.2 (broad, CH2Cl), 59.9 (Cq, tBu), 128.9 (Com, Ar), 














( RS) - N - [2-Bromo- 1 -phenylethylidene]- tert-butanesulfinamide (RS) -20g  
White crystals (mp: 84.5 0.3 °C), 90%. [ ] D 45 (c 0.2, CHCl3). 
IR (KBr, cm-1) max: 1072, 1362, 1570, 1591, 2962. MS m/z 
(%):302.3/304.0 (100, [M+H]+), 246.0/248.3 (20, [M+2H-tBu]+). 
1H NMR (300 MHz, CDCl3): 1.38 (9H, s, tBu), 4.85 (1H, d, J 9.6 
Hz, Ha, CH2Br), 5.12 (1H, d, J 9.6 Hz, Hb, CH2Br), 7.43-7.90 (5H, 
m, Ph). 13C NMR (75 MHz, CDCl3): 21.5 (broad, CH2Br),23.3 (CH3, 
tBu), 59.7 (Cq, tBu), 127.4 (Com, Ph), 128.8 (Com, Ph), 132.0 (Cp, Ph), 136.1 (Cq, 
Ph), 169.5 (C=N).   
( rac) - N - [2,2-Dichloro- 1 -phenylethylidene]- tert- butanesulfinam ide ( rac) -
209b. (Petroleum ether/ EtOAc 9:1, Rf O.3)  Yellow crystals, 62%. 
(mp 45.3±0.4°C). IR (KBr, cm-1) max: 1072, 1085, 1366, 1443, 
1459, 1573, 1593, 3446. MS m/z (%): 292.0/294.0/296.0 (10, 
[M+H]+), 236.0/238.0/240.0 (100, [M+2H-tBu]+), 182.0/184.0 
(60, [M+H-tBu-Cl]+). 1H NMR (300 MHz, CDCl3): 1.34 (9H, s 
(broad), tBu), 7.41-8.11 (6H, m (broad), Ph and CHCl2). 13C NMR (75 MHz, 
CDCl3): 23.3 (CH3 (broad), tBu), 61.3 (Cq (broad), tBu), 67.9 (CHCl2), 128.2, 
128.3, 129.0 (broad), 129.1 (broad), 129.7 (broad), 131.4 (broad), 131.5 
(broad): (Comp, Ph), 133.0 and 134.7 (Cq, Ph), 166.9 and 186.3 (C=N).   
( rac) - N - [2,2-Dichloro- 1 - ( p- tolyl)ethylidene]- tert-butanesulfinamide 
( rac) - 2 09c (Petroleum ether/ EtOAc 9:1, Rf O.35) Yellow oil, 
6O%. I R (neat, cm-1) max: 1075, 1187, 1364, 1457, 1474, 
1608, 1705, 3030. MS m/z (%): 306,0/308,0/310,0 (100, 
[M+H]+), 250,0/252,0/254,0 (25, [M+2H-tBu]+). 1H NMR (300 
MHz, CDCl3): 1.22 and 1.34 (9H, s, tBu), 2.40 and 2.43 (3H, s, 
CH3,Tol), 3.92 and 6.74 (1H, s, CHCl2), 7.22-8.01 (4H, m, C6H4). 13C NMR (75 
MHz, CDCl3): 21.5 and 21.8 (CH3, Tol), 22.1 and 23.2 (CH3, tBu), 55.2 and 61.3 
(Cq, tBu), 67.8 and 67.9 (CHCl2), 128.9, 129.6, 129.8 (Com, Tol), 137,7 and 
139,8 (CqMe, Tol), 142.2 and 145.8 (CqC=N, Tol), 167.2 and 185.5 (C=N).   
( rac) - N - [2,2-Dibromo- 1 -phenylethylidene]- tert-butanesulfinamide 
( rac) -209d (Petroleum ether/ EtOAc 6:1, Rf O.3) Orange oil, 54%. IR (cm-1) 
max: 1072, 1363, 1447, 1570, 1592. MS m/z (%): 380.0/382.0/384.0 (100, 
[M+H]+). 1H NMR (300 MHz, CDCl3): 1.37 (9H, s (broad), tBu), 4.85 and 5.12 
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(1H, d (broad), J 9.8 Hz, CHBr2), 7.42-7.51 and 7.87-7.89 (5H, m, 
Ph). 13C NMR (75 MHz, CDCl3): 21.5 (broad, CHBr2), 23.3 (CH3, 
tBu), 59.6 (Cq, tBu), 127.4 (broad), 128.8 and 129.9 (Com, Ph), 
129.8 and 132.0 (Cp, Ph), 134.4 and 136.1 (Cq, Ph), 169.6 (broad, 
C=N).   
5. Synthesis of tert-Butanesulfinamides 
5.1. Synthesis of -Unsubstituted -Halo Sulfinamides   
In a flame-dried flask was made a 5%-solution of N-tert-butanesulfinyl 2-halo 
ketimine 19a,b (10 mmol) in THF under nitrogen atmosphere. The stirred solu-
tion was cooled to 78 °C before 10 equivalents of MeOH (4.6 mL) and 2 equiva-
lents of NaBH4 (20 mmol) were added. Then the reaction was stirred for 1 hour 
at this temperature before quenching with NH4Cl (5 mL) and diluted with satu-
rated aqueous KHCO3 (20 mL) and EtOAc (20 mL). The aqueous layer was ex-
tracted with EtOAc (2 x 20 mL). The combined organic layers were dried over 
MgSO4, filtered and concentrated to afford pure -halo N-sulfinamide 229.  
( RS) - N - (2-Chloro- 2 -methylpropyl)- tert-butanesulfinamide ( RS) -229a  
Colourless crystals (mp 88.6±0.2 °C), 97%. [ ] D 11 (c 0.05, 
MeOH). IR (KBr, cm-1) max: 1057, 1369, 1457, 2973, 3210. MS 
m/z (%): 212.2/214.2 (100, [M+H]+). 1H NMR (300 MHz, CDCl3): 
1.27 (9H, s, tBu), 1.58 and 1.61 (3H, s, CClMe2), 3.17 (1H, dd, J 
13.5 Hz, 8.9 Hz, Ha, CH2NH), 3.45 (1H, dd, J 13.5 Hz, 5.2 Hz, Hb, 
CH2NH), 3.73 (1H, dd (broad), J 8.9 Hz, 5.2 Hz, NH). 13C NMR (75 MHz, CDCl3): 
22.7 (CH3, tBu), 29.6 and 30.4 (CClMe2), 56.4 (Cq, tBu), 57.9 (CH2NH), 70.0 
(CClMe2).   
( RS) - N - (2-Chloro- 2 -ethylbutyl)- tert-butanesulfinamide ( RS) -229b  
Colourless oil, 97%. [ ] D -9 (c 0.1, MeOH). IR (neat, cm-1) max: 
1060, 1364, 1458, 2975, 3216. MS m/z (%): 240.3/242.3 (100, 
[M+H]+). 1H NMR (300 MHz, CDCl3): 0.93 and 1.00 (3H, t, J 7.4 
Hz, CH3, CClEt2), 1.25 (9H, s, tBu), 1.78-1.94 (4H, m, CH2, 
CClEt2), 3.24 (1H, dd, J 13.5 Hz, 5.2 Hz, Ha, CH2NH), 3.47 (1H, dd, 
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J 13.5 Hz, 9.4 Hz, Hb, CH2NH), 3.63 (1H, m, NH). C (75 MHz, CDCl3): 8.4 and 
8.6 (CH3, CClEt2), 22.7 (CH3, tBu), 30.8 and 31.3 (CH2, CClEt2), 53.4 (CH2NH), 
56.3 (Cq, tBu), 78.4 (CClEt2).  
5.2. Synthesis of -Monosubstituted -Halo Sulfin-
amides 
5 . 2 . 1 R e d u ct i o n o f N - Su l f i n y l K e t i m i n e s  
In a flame-dried flask was made a 5%-solution of N-tert-butanesulfinyl 2-halo 
ketimine 20 (10 mmol) in THF under nitrogen atmosphere. The stirred solution 
was cooled to 78 °C before 10 equivalents of MeOH (4.6 mL) and 2 equivalents 
of NaBH4 (20 mmol) were added. Then the reaction was stirred for 1 hour at this 
temperature before quenching with NH4Cl (5 mL) and diluted with saturated 
aqueous KHCO3 (20 mL) and EtOAc (20 mL). The aqueous layer was extracted 
with EtOAc (2 x 20 mL). The combined organic layers were dried over MgSO4, 
filtered and concentrated to afford pure -halo N-sulfinamide 34. Only -chloro 
sulfinamide 34d was purified by flash chromatography.  
( RS,S) - N- (2- Chloro-1,2-dimethylpropyl)- tert-butanesulfinamide (RS,S) - 
34a White crystals (mp 54.4 0.2 °C), 88%. [ ] D -44 (c 0.7, 
MeOH). IR (KBr, cm-1) max: 1054, 1364, 1459, 2980, 3247. MS 
m/z (%): 226.2/228.2 (100, [M+H]+). 1H NMR (300 MHz, CDCl3): 
1.25 (9H, s, tBu), 1.27 (3H, d, J 6.6 Hz, CHCH3), 1.55 and 1.68 
(6H, 2*s, CH3, CClMe2), 3.48 (1H, qd, J 6.6 Hz, 4.4 Hz, CHCH3), 
3.96 (1H, d (broad), J 4.4 Hz, NH). 13C NMR (75 MHz, CDCl3): 16.7 (CHCH3), 
22.7 (CH3, tBu), 27.8 and 30.6 (CH3, CClMe2), 55.9 (Cq, tBu), 59.9 (CHCH3), 74.6 
(CClMe2). ESI-HRMS: calcd. for C10H22ClNOS-H+: 240.11834, found 240.11857.  
( RS,S) - N- (2- Chloro- 2 -ethyl- 1 -methylbutyl)- tert-butanesulfinamide 
( RS,S) -34b Colourless oil, 92%. [ ] D -72 (c 0.05, MeOH). IR 
(neat, cm-1) max: 1059, 1365, 1462, 2975, 3281. MS m/z (%): 
254.2/256.2 (100, [M+H]+). 1H NMR (300 MHz, CDCl3): 0.97 and 
0.99 (6H, 2*t, J 7.2 Hz, CH3, CClEt2), 1.23 (9H, s, tBu), 1.26 (3H, 















J 6.3 Hz, 5.8 Hz, CHCH3), 3.83 (1H, d (broad), J 5.8 Hz, NH). 13C NMR (75 MHz, 
CDCl3): 8.6 and 8.7 (CH3, CClEt2), 17.2 (CHCH3), 22.8 (CH3, tBu), 29.7 and 30.4 
(CH2, CClEt2), 55.9 (Cq, tBu), 56.9 (CHCH3), 83.3 (CClEt2).   
( rac) - N- (1- (1- Chlorocyclohexyl)ethyl)- tert-butanesulfinamide (rac) -34c  
Colourless oil, 91%. IR (neat, cm-1) max: 1057, 1362, 1467, 2975, 
3314. MS m/z (%): 266.2/268.2 (100, [M+H]+). 1H NMR (300 
MHz, CDCl3): 1.22 (9H, s, tBu), 1.27 (3H, d, J 6.3 Hz, CHCH3), 
1.42-2.23 (10H, m, CH2, c-Hex), 3.42 (1H, qd, J 6.6 Hz, 6.3 Hz, 
CHCH3), 3.85 (1H, d (broad), J 6.6 Hz, NH). 13C NMR (75 MHz, 
CDCl3): 17.4 (CHCH3), 21.9 and 22.0 ( , -CH2, c-Hex), 22.7 (CH3, tBu), 25,1 ( -
CH2, c-Hex), 36.2 and 37.6 ( , -CH2, c-Hex), 55.9 (Cq, tBu), 60.7 (CHCH3), 79.9 
(CCl(CH2)5).   
( rac) - N- (2-Chloro- 1 -methylpropyl)- tert-butanesulfinamide ( rac) - 34d  
(Petroleum ether/EtOAc 95:5 Rf 0.05 and 0.04) Mixture of di-
astereomers (65:35 M:m). Colourless oil, 16%. IR (neat, cm-1) max: 
1116, 1360, 1456, 2961, 3342. MS m/z (%): 212.1/214.1 (100, 
[M+H]+). 1H NMR (300 MHz, CDCl3): 1.14 (3H, d, J 6.3 Hz, 
CH3mCHNH), 1.21 (3H, d, J 6.3 Hz, CH3MCHNH), 1.20 (9H, s, tBum), 
1.21 (9H, s, tBuM), 1.46 (3H, d, J 6.9 Hz, CH3mCHCl), 1.53 (3H, d, J 
6.9 Hz, CH3MCHCl), 2.71 (1H, d (broad), J 8.3 Hz, NHM), 2.77 (1H, d 
(broad), J 10.5 Hz, NHm), 2.84 (1H, m, CHmNH), 3.01 (1H, m, 
CHMNH), 4.11 (1H, qd, J 6.9 Hz, 3.6 Hz, CHMCl), 4.37 (1H, qd, J 6.9 
Hz, 2.8 Hz, CHmCl). 13C NMR (75 MHz, CDCl3): 15.4 (CHNHMem), 
18.6 (MeCHNHM), 21.0 (MeCHClM), 22.1 (MeCHClm), 28.3 (CH3, tBum), 28.4 (CH3, 
tBuM), 46.5 (Cq, tBum), 46.6 (Cq, tBuM), 62.8 (CHClM), 63.7 (CHClm), 63.8 
(CHNHM), 64.0 (CHNHm).  
( RS,S) - N - (2- Chloro- 1 -phenylethyl)- tert-butanesulfinamide (RS,S) -34e  
Yellowish viscous oil, 95%. [ ] D -10 (c 1.1, MeOH). IR (neat, cm-
1) max: 1060, 1364, 1455, 1603, 2954, 3206. MS m/z (%): 
260.2/262.2 (100, [M+H]+). 1H NMR (300 MHz, CDCl3): 1.25 (9H, 
s, tBu), 3.76 (1H, d (broad), J 4.3 Hz, NH), 3.86 (2H, d, J 5.8 Hz, 
























Ph). 13C NMR (75 MHz, CDCl3): 22.6 (CH3, tBu), 48.5 (CH2Cl), 56.5 (Cq, tBu), 
59.51 (CHPh), 127.3 (Com, Ph), 128.6 (Cp, Ph), 128.9 (Com, Ph), 139.0 (Cq, Ph).  
( RS,S) - N - (2- Bromo- 1 -phenylethyl)- tert-butanesulfinamide (RS,S) - 34g  
Yellowish viscous oil, 92%. [ ] D 9 (c 0.04, MeOH). IR (neat, cm-
1) max: 1055, 1364, 1455, 2960, 3232. MS m/z (%): 304.2/306.1 
(100, [M+H]+). 1H NMR (300 MHz, CDCl3): 1.25 (9H, s, tBu), 3.72 
(2H, d, J 5.5 Hz, CH2Br), 3.83 (1H, d (broad), J 4.4 Hz, NH), 4.69 
(1H, dd, J 5.5 Hz, 4.4 Hz, CHPh), 7.32-7.42 (5H, m, Ph). C (75 
MHz, CDCl3): 22.6 (CH3, tBu), 37.5 (CH2Br), 56.6 (Cq, tBu), 59.2 (CHPh), 127.3 
(Com, Ph), 128.6 (Cp, Ph), 128.9 (Com, Ph), 139.4 (Cq, Ph).   
5 . 2 . 2 A d d i t i o n o f Gr i g n a r d R e a g e n t s a cr o ss N -
Su l f i n y l - Ch l o r o A l d i m i n e s ( P r o ce d u r e A )  
In a flame-dried flask was made a solution of (RS)-19 (5 mmol) in dry CH2Cl2 (20 
mL) under nitrogen atmosphere. The stirred solution was cooled to 97 °C (R = 
Ph) or 78 °C (R Ph) before 1.1 equivalents of the Grignard reagent (1-2 M in 
THF) was added dropwise. The temperature was raised to 78 °C and subse-
quently the reaction was prolonged at this temperature for 4-5 hours. Then, the 
reaction mixture was quenched by the addition of NH4Claq (5 mL) and diluted 
with saturated aqueous KHCO3 (20 mL) and EtOAc (20 mL) at room temperature. 
The aqueous layer was extracted with EtOAc (2 x 20 mL). The combined organic 
layers were dried over MgSO4 with a trace of K2CO3, filtered and concentrated. 
The compounds were purified by flash chromatography.  
( RS,R) - N - (2- Chloro- 1 -ethyl- 2 -methylpropyl)- tert-butanesulfinamide 
[ ( RS,R) -34o] (Petroleum ether/EtOAc 3:1 Rf 0.15) Yellow crystals 
(mp 71.4 0.3 °C), 76%. [ ] D -31 (c 0.05, MeOH). IR (KBr, cm-1) 
max: 1056, 1364, 1459, 2962, 3238. MS m/z (%): 240.1/242.1 
(100, [M+H]+). 1H NMR (300 MHz, CDCl3): 1.00 (3H, t, J 7.4 Hz, 
CH3, CHEt), 1.28 (9H, s, tBu), 1.41-1.59 (1H, m, Ha, CH2, CHEt), 
1.64 and 1.72 (6H, 2*s, CClMe2), 1.79-1.94 (1H, m, Hb, CH2, CHEt), 3.04 (1H, 















NMR (75 MHz, CDCl3): 11.6 (CH3, Et), 23.1 (CH3, tBu), 25.5 (CH2, Et), 30.5 and 
31.5 (CClMe2), 56.8 (Cq, tBu), 67.4 (CHNH), 74.8 (CClMe2).   
( RS,R) - N - (2- Chloro- 2 -methyl- 1 -phenylpropyl)- tert-butanesulfinamide 
[ ( RS,R) -34k] (Petroleum ether/EtOAc 3:1 Rf 0.12) White crystals 
(mp 90.1 0.2 °C), 73%. [ ] D -105 (c 0.3, MeOH). IR (KBr, cm-1) 
max: 1075, 1368, 1456, 1493, 1594, 2926, 3282. MS m/z (%): 
288.3/290.3 (100, [M+H]+). 1H NMR (300 MHz, CDCl3): 1.25 (9H, 
s, tBu), 1.52 and 1.56 (6H, 2*s, CClMe2), 4.41 (1H, s (broad), 
NH), 4.54 (1H, d, J 2.2 Hz, CHPh), 7.27-7.40 (5H, m, Ph). 13C 
NMR (75 MHz, CDCl3): 22.7 (CH3, tBu), 26.8 and 31.4 (CClMe2), 55.9 (Cq, tBu), 
67.6 (CHNH), 74.1 (CClMe2), 128.1 (Com, Ph), 128.5 (Cp, Ph), 129.7 (Com, Ph), 
136.6 (Cq, Ph).   
( RS,R) - N - [1- (1- Chloro- 1 -methylethyl)- 2 -propenyl]- tert- butanesulfin-
am ide [ ( RS,R) -34p] (Petroleum ether/EtOAc 3:1 Rf 0.15) Colour-
less oil, 69%. [ ] D -69 (c 0.2, MeOH). IR (neat, cm-1) max: 1069, 
1370, 1459, 1641, 2979, 3220. MS m/z (%): 238.3/240.3 (100, 
[M+H]+). 1H NMR (300 MHz, CDCl3): 1.25 (9H, s, tBu), 1.54 and 
1.64 (6H, 2*s, CClMe2), 2.79 (1H, dd, J 8.7 Hz, 3.3 Hz, CHNH), 
4.07 (1H, s (broad), NH), 5.38-5.43 (2H, m, -CH=CH2), 5.59-5.70 (1H, m, -
CH=CH2). 13C NMR (75 MHz, CDCl3): 22.7 (CH3, tBu), 27.1 and 30.8 (CClMe2), 
55.8 (Cq, tBu), 67.3 (CHNH), 73.1 (CClMe2), 121.9 (-CH=CH2), 133.8 (-
CH=CH2).   
N - (1-Allyl- 2 -chloro- 2 -methylpropyl)- tert-butanesulfinamide ( RS,R) - 
[ 3 4 q] and ( RS,S) - [ 34q] (Petroleum ether/EtOAc 3:1 Rf 0.15) 
(62(M):38(m ))-mixture of diastereomers. Colourless crystals (mp 
60.6 0.3 °C), 99%. IR (KBr, cm-1) max: 1048, 1069, 1386, 1457, 
1619, 2929, 3436. MS m/z (%): 252.3/254.3 (100, [M+H]+). 1H 
NMR (300 MHz, CDCl3): 1.25 (9H, s, tBum), 1.26 (9H, s, tBuM), 
1.58 and 1.61 (6H, 2*s, CClMe2M), 1.66 and 1.73 (6H, 2*s, 
CClMe2m), 2.23-2.80 (2H, m, (-CH2CH=CH2)mM), 3.26-3.32 (1H, 
m, CHmNH), 3.27-3.38 (1H, m, CHMNH), 3.48 (1H, d (broad), J 
























m, (-CH=CH2)mM), 5.77-5.90 (1H, m, (-CH=CH2)m), 5.87-6.03 (1H, m, (-
CH=CH2)M). 13C NMR (75 MHz, CDCl3): 22.9 (CH3, tBuM), 23.0 (CH3, tBum), 29.8 
and 30.3 (CH3, CClMeM), 30.4 and 31.3 (CH3, CClMem), 36.7 ((-CH2CH=CH2)M), 
37.1 ((-CH2CH=CH2)m), 56.7 (Cq, tBuM), 57.0 (Cq, tBum), 64.1 (CHNHM), 65.4 
(CHNHm), 73.5 (CClMe2M), 74.4 (CClMe2m), 117.6 ((-CH=CH2)m), 118.7 ((-
CH=CH2)M), 134.8 ((-CH=CH2)M), 135.4 ((-CH=CH2)m).   
5 . 2 . 3 A d d i t i o n o f Gr i g n a r d R e a g e n t s a cr o ss N -
Su l f i n y l - Ch l o r o A l d i m i n e s ( P r o ce d u r e B)  
In a flame-dried flask was made a solution of (RS)-19 (5 mmol) in dry CH2Cl2 (20 
mL). The stirred solution was cooled to 78 °C (R Ph) or 97 °C (R = Ph) and 
1.1 equivalents of the Grignard reagent was added dropwise. The mixture was 
allowed to warm to 78 °C and was subsequently stirred for 4 h at this tempera-
ture (R = Et; imine 19b) or the reaction was prolonged at 40 °C for 6 hours (R 
= Ph, imine 19b; R = Et, imine 19c). Then, the reaction mixture was quenched 
by the addition of aq NH4Cl (5 mL) and diluted with saturated aqueous KHCO3 
(20 mL) and EtOAc (20 mL). The aqueous layer was extracted with EtOAc (2 x 
20 mL) and concentrated. The compounds were purified by flash chromatogra-
phy.  
( RS,R) - N - (2- Chloro-1,2-diethylbutyl)- tert-butanesulfinamide ( RS,R) -34r  
(Petroleum ether/EtOAc 3:1 Rf 0.17). Colourless oil, 8%. [ ] D -36 
(c 0.02, MeOH). IR (neat, cm-1) max: 1075, 1364, 1459, 2975, 
3337. MS m/z (%): 268.2/270.2 (100, [M+H]+). 1H NMR (300 
MHz, CDCl3): 0.94, 0.96 and 1.00 (9H, 3*t, J 7.4 Hz, CH3, 
CClEt2,CHEt), 1.28 (9H, s, tBu), 1.45-2.15 (6H, m, CH2, 
CEt2,CHEt), 3.19 (1H, ddd, J 10.0 Hz, 8.0 Hz, 2.8 Hz, CHNH), 3.87 (1H, d 
(broad), J 8.0 Hz, NH). 13C NMR (75 MHz, CDCl3): 8.6, 8.7 and 11.5 (CH3, 
CClEt2, CHEt), 23.2 (CH3, tBu), 24.9, 30.1 and 30.3 (CH2, CClEt2,CHEt), 56.9 (Cq, 










( RS,R) - N - (2- Chloro- 2 -ethyl- 1 -phenylbutyl)- tert-butanesulfinamide 
( RS,R) - 34s (Petroleum ether/EtOAc 3:1 Rf 0.17) Brown oil, 
53%. [ ] D -77 (c 0.05, MeOH). IR (neat, cm-1) max: 1073, 
1364, 1456, 1495, 1619, 2925, 3282. MS m/z (%): 316.3/318.3 
(100, [M+H]+). 1H NMR (300 MHz, CDCl3): 0.98 and 1.07 (6H, 
2*t, J 7.4 Hz, CH3, CClEt2), 1.18 (9H, s, tBu), 1.53-2.15 (4H, m, 
CH2, CClEt2), 4.30 (1H, d (broad), J 4.4 Hz, NH), 4.61 (1H, d, J 4.4 Hz, CHNH), 
7.31-7.49 (5H, m, Ph). 13C NMR (75 MHz, CDCl3): 8.8 and 9.0 (CH3, CClEt2), 
22.6 (CH3, tBu), 29.7 and 30.7 (CH2, CClEt2), 55.9 (Cq, tBu), 64.5 (CHN), 82.6 
(CClEt2), 128.0 (Com, Ph), 128.1 (Cp, Ph), 129.5 (Com, Ph), 137.9 (Cq, Ph).   
( RS,R) - N - (2- Chloro- 2 -ethyl- 1 -vinylbutyl)- tert- butanesulfinamide ( RS,R) - 
34t (Petroleum ether/EtOAc 7:1 Rf 0.05) Orange viscous oil, 
11%. [ ] D -91 (c 2.5 in MeOH). IR (neat, cm-1) max: 1064, 1364, 
1458, 1642, 2978, 3083, 3293. MS m/z (%): 266.2/268.2 (100, 
[M+H]+). 1H NMR (300 MHz, CDCl3): 0,91 and 0,94 (6H, 2*t, J 
7.4 Hz, CH3, CEt2), 1.24 (9H, s, tBu), 1.29-2.04 (4H, m, CH2, 
CEt2), 3.60 (1H, d (broad), J 10.2 Hz, NH), 3.76 (1H, dd, J 10.2 Hz, 8.0 Hz, 
NCH), 5.32-5.40 (2H, m, -CH=CH2), 5.99-6.11 (1H, ddd, J 17.0 Hz, 10.2 Hz, 8.0 
Hz, -CH=CH2). 13C NMR (75 MHz, CDCl3): 8.2 and 8.5 (CH3, CEt2), 22.7 (CH3, 
tBu), 29.6 and 29.9 (CH2, CEt2), 56.8 (Cq, tBu), 65.8 (CHN), 81.3 (CClEt2), 119.2 
(-CH=CH2), 136.3 (-CH=CH2).   
( RS,S) - N - (2- Chloro- 2 -ethyl- 1 -vinylbutyl)- tert- butanesulfinamide ( RS,S) - 
34t (Petroleum ether/EtOAc 7:1 Rf 0.06) Orange viscous oil, 3%. 
[ ] D -32 (c 2.5 in MeOH). IR (neat, cm-1) max: 1054, 1365, 1456, 
1642, 2975, 3083, 3284. MS m/z (%): 266.2/268.2. (100, 
[M+H]+). 1H NMR (300 MHz, CDCl3): 0,97 and 1.01 (6H, 2*t, J 
7.4 Hz, CH3, CEt2), 1.23 (9H, s, tBu), 1.63-2.06 (4H, m, CH2, 
CEt2), 3.93 (1H, d (broad), J 5.0 Hz, NH), 3.98 (1H, dd, J 8.3 Hz, 5.0 Hz, NCH), 
5.30-5.36 (2H, m, -CH=CH2), 5.72-5.83 (1H, m, -CH=CH2). 13C NMR (75 MHz, 
CDCl3): 8.5 and 8.7 (CH3, CEt2), 22.7 (CH3, tBu), 29.9 and 30.4 (CH2, CEt2), 56.0 



















( RS,R) - N - [1- (1- Chlorocyclohexyl)propyl]- tert-butanesulfinamide ( RS,R) - 
235a (Petroleum ether/EtOAc 3:1 Rf 0.20) Colourless crystals (mp 
66.4 0.1 °C), 25%. [ ] D -37 (c 2.5, MeOH). IR (KBr, cm-1) max: 
1046, 1369, 1459, 2932, 3243. MS m/z (%): 280.1/282.1 (100, 
[M+H]+). 1H NMR (300 MHz, CDCl3): 0.99 (3H, t, J 7.4Hz, CH3, 
CHEt), 1.27 (9H, s, tBu), 1.45-2.33 (12H, m, CH2, Et, c-Hex), 3.07 
(1H, ddd, J 9.1 Hz, 8.0 Hz, 2.8 Hz, CHNH), 3.85 (1H, d (broad), J 
2.8 Hz, NH). 13C NMR (75 MHz, CDCl3): 11.4 (CH3, CHEt), 22.0 and 22.3 ( , -
CH2, c-Hex), 23.2 (CH3, tBu), 24.7 (CH2, CHEt), 25.1 ( -CH2, c-Hex), 37.6 and 
38.5 ( , -CH2, c-Hex), 56.9 (Cq, tBu), 67.1 (CHNH), 79.8 (CCl(CH2)5).   
( RS,R) - N - [1- (1- Chlorocyclohexyl)- 1 -phenylmethyl]- tert- butanesulfin-
amide ( RS,R) -235b (Petroleum ether/EtOAc 7:1 Rf 0.04) Yellow 
oil, 17%. [ ] D -70 (c 0.3, MeOH). IR (neat, cm-1) max: 1052, 
1365, 1455, 1585, 2936, 3280. MS m/z (%): 328.3/230.2 (100, 
[M+H]+). 1H NMR (300 MHz, CDCl3): 1.22 (9H, s, tBu), 1.37-
2.18 (10H, m, CH2, c-Hex), 4.43 (1H, d (broad), J 3.3 Hz, NH), 
4.51 (1H, d, J 3.3 Hz, NCH), 7.28-7.39 (5H, m, Ph). 13C NMR (75 MHz, CDCl3): 
21.7 and 21.8 ( , -CH2, c-Hex), 22.6 (CH3, tBu), 25.1 ( -CH2, c-Hex), 34.7 and 
38.0 ( , -CH2, c-Hex), 55.9 (Cq, tBu), 68.5 (CHN), 79.8 (CCl(CH2)5), 127.9 (Com, 
Ph), 128.3 (Cp, Ph), 129.8 (Com, Ph), 137.3 (Cq, Ph).   
( RS,S) - N - [1- (1- Chlorocyclohexyl)- 1 -phenylmethyl]- tert- butanesulfin-
amide ( RS,S) -235b (Petroleum ether/EtOAc 7:1 Rf 0.06) Yellow 
oil, 4%. [ ] D -15 (c 0.1, MeOH). IR (neat, cm-1) max: 1064, 
1364, 1457, 1584, 2988, 3340. MS m/z (%): 328.3/230.2 (100, 
[M+H]+). 1H NMR (300 MHz, CDCl3): 1.21 (9H, s, tBu), 1.30-
2.37 (10H, m, c-Hex), 4.26 (2H, m, NH and NCH), 7.29-7.40 
(5H, m, Ph). 13C NMR (75 MHz, CDCl3): 21.7 and 22.0 ( , -CH2, c-Hex), 22.7 
(CH3, tBu), 25.1 ( -CH2, c-Hex), 37.3 and 38.7 ( , -CH2, c-Hex), 57.0 (Cq, tBu), 
68.6 (CHN), 79.0 (CCl(CH2)5), 128.0 (Com, Ph), 128.1 (Cp, Ph), 129.0 (Com, Ph), 
138.5 (Cq, Ph).       
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( RS,R) - N - [1- (1- Chlorocyclohexyl)prop- 2 -enyl]- tert-butanesulfinamide 
( RS,R) - 235c (Petroleum ether/EtOAc 4:1 Rf 0.12) Colourless oil, 
9%. [ ] D -24 (c 0.4, MeOH). IR (neat, cm-1) max: 1074, 1365, 
1449, 1640, 2935, 3282. MS m/z (%): 278.2/280.2 (100, 
[M+H]+). 1H NMR (300 MHz, CDCl3): 1.23 (9H, s, tBu), 1.37-2.07 
(10H, m, c-Hex), 3.84 (1H, dd, J 8.5 Hz, 4.7 Hz, NCH), 4.05 (1H, 
d (broad), J 4.7 Hz, NH), 5.29-5.36 (2H, m, -CH=CH2), 5.72-5.84 (1H, ddd, J 
17.0 Hz, 10.5 Hz, 8.5 Hz, -CH=CH2). 13C NMR (75 MHz, CDCl3): 21.8 and 22.7 
( , -CH2, c-Hex), 22.7 (CH3, tBu), 25.2 ( -CH2, c-Hex), 35.4 and 37.4 ( , -CH2, 
c-Hex), 55.9 (Cq, tBu), 67.9 (CHN), 78.6 (CCl(CH2)5), 120.6 (-CH=CH2), 134.6 (-
CH=CH2).   
( RS,R) - N - [1- (1- Chlorocyclohexyl)but- 3 -enyl]- tert-butanesulfinamide 
( RS,R) -235d Petroleum ether/EtOAc 4:1 Rf 0.13) Colourless oil, 
14%. [ ] D -44 (c 0.2, MeOH). IR (neat, cm-1) max: 1059, 1365, 
1448, 1642, 2935, 3247. MS m/z (%): 292.3/294.3 (100, 
[M+H]+). 1H NMR (300 MHz, CDCl3): 1.25 (9H, s, tBu), 1.50-2.62 
(12H, m, CH2, c-Hex, -CH2CH=CH2), 3.30 (1H, ddd, J 9.4 Hz, 
8.3Hz, 3.3 Hz, CHNH), 3.86 (1H, d (broad), J 8.0 Hz, NH), 5.05-5.19 (2H, m, -
CH=CH2), 5.76-5.89 (1H, m, -CH=CH2). 13C NMR (75 MHz, CDCl3): 22.0 and 
22.3 ( , -CH2, c-Hex), 23.1 (CH3, tBu), 25.0 ( -CH2, c-Hex), 36.6 (-CH2CH=CH2), 
37.6 and 38.3 ( , -CH2, c-Hex), 57.1 (Cq, tBu), 65.4 (CHN), 79.4 (CCl(CH2)5), 
117.5 (-CH=CH2), 135.7 (-CH=CH2).  
5 . 2 . 4 A d d i t i o n o f Bu Li a cr o ss N - Su l f i n y l -
Ch l o r o A l d i m i n e 1 9 a  
In a flame-dried flask was made a solution of (RS)-19a (5 mmol) in dry THF (20 
mL) under nitrogen atmosphere. The stirred solution was cooled to 78 °C after 
the addition (via syringe) of 1.1 equivalents of AlMe3 (1 M in toluene). Subse-
quently, this solution was added dropwise to 1.1 equivalents of organolithium 
reagent (0.5 M in toluene) at -78 °C. The reaction mixture was stirred for 1 hour 
at this temperature before quenching with aqueous NH4Cl (5 mL). The reaction 
mixture was diluted with saturated aqueous KHCO3 (20 mL) and EtOAc (20 mL) 
at room temperature and the aqueous layer was extracted with EtOAc (3 x 20 
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mL). The combined organic layers were dried over MgSO4, filtered and concen-
trated. The compounds were purified by flash chromatography.   
( rac) - N - [1- (2- Chloro- 1 -methylethyl)pentyl]- tert-Butanesulfinamide 
(rac)-34j (Petroleum ether/EtOAc 3:1 Rf 0.15) Colourless oil, 
54%. IR (neat, cm-1) max: 1038, 1112, 1362, 2956, 3243. MS m/z 
(%): 268.1/270.1 (100, [M+H]+), 194.1/196.1 (75, [M-tBu-O]+). 
1H NMR (300 MHz, CDCl3): 0.91 (3H, t, J 6.9 Hz, CH3, Bu), 1.27 
(9H, s, tBu), 1.22-1.58 (6H, m, CH2, Bu), 1.63 and 1.71 (6H, 2*s, 
CMe2), 3.11 (1H, td, J 8.2 Hz, 7.7 Hz, CHNH), 3.78 (1H, d, J 7.7 Hz, NH). 13C 
NMR (75 MHz, CDCl3): 14.0 (CH3, Bu), 22.5 (CH3CH2-), 23.0 (CH3, tBu), 28.9 
(CH3CH2CH2-), 30.5 and 31.4 (CMe2), 32.2 (NHCHCH2-), 56.7 (Cq, tBu), 65.7 
(NHCHBu), 74.8 (CClMe2).   
5 . 2 . 5 A d d i t i o n o f T r i m e t h y l s i l y l a ce t y l e n e 
a cr o ss N - Su l f i n y l - Ch l o r o A l d i m i n e 1 9 a  
In a flame-dried flask was made a solution of (RS)-19a (5 mmol) in dry toluene 
(20 mL) under nitrogen atmosphere. The stirred solution was cooled to 78 °C 
after the addition (via syringe) of 1.1 equivalents of AlMe3 (1 M in toluene) and 
was subsequently added dropwise to 2.5 equivalents of freshly prepared organo-
lithium reagent (2.5 equivalents of BuLi were added at -78 °C to 2.6 equivalents 
of trimethylsilylacetylene, dissolved in 10 mL of toluene). The reaction mixture 
was stirred for 4 hours at this temperature. Then the temperature was allowed to 
rise to ambient temperature while stirring for 12 hours. Next, the reaction mix-
ture was quenched with aq NH4Cl (5 mL). The suspension was filtered over Celite 
and diluted with saturated aqueous KHCO3 (20 mL) and EtOAc (20 mL) and the 
aqueous layer was extracted with EtOAc (3 x 20 mL). The combined organic lay-
ers were dried over MgSO4, filtered and concentrated. The compound was puri-
fied by flash chromatography.  
( rac) - N- [1- (1- Chloro- 1 -methylethyl)- 3 - trimethylsilylprop- 2 -ynyl]- tert-
butanesulfinam ide ( rac) -34m (Petroleum ether/EtOAc 4:1 Rf 0.14) Colourless 
oil, 25%. IR (neat, cm-1) max: 845, 1074, 1251, 1368, 2176, 2960, 3215. MS 











SiMe3), 1.23 (9H, s, tBu), 1.64 (3H, s, and 1.65 (6H, 2*s, 
CMe2), 3.64 (1H, d, J 8.1 Hz, NH), 4.05 (1H, d , J 8.1 Hz, 
CHNH). 1 3C NMR (75 MHz, CDCl3): -0.2 (SiMe3-), 22.9 (CH3, 
tBu), 28.6 and 29.9 (CMe2), 57.3 (Cq, tBu), 59.0 (CHNH), 71.9 
(CMe2), 92.1 and 102.0 (-C C-).   
5.3. Synthesis of Non- halogenated , -Disubstituted 
Sulfinamides  
In a flame-dried flask was made a solution of (RS)-19 (5 mmol) in dry CH2Cl2 (20 
mL) under nitrogen atmosphere. The stirred solution was cooled to 78 °C before 
2.1 equivalents of the Grignard reagent (1-2 M in THF) was added dropwise. 
Then the reaction was stirred for 4 hours at this temperature and 24 h at ambi-
ent temperature before the reaction mixture was quenched by the addition of 
aqueous NH4Cl (5 mL) and diluted with saturated aqueous KHCO3 (20 mL) and 
EtOAc (20 mL). The aqueous layer was extracted with EtOAc (2 x 20 mL). The 
combined organic layers were dried over MgSO4, filtered and concentrated. The 
compounds were purified by flash chromatography.  
N- (1,1-Dimethylhexa-3,5-dienyl)- tert-butanesulfinamide ( rac) -71b 
(Petroleum ether/EtOAc 4:1 Rf 0.15) Colourless oil, 63%. IR 
(neat, cm-1) max: 1076, 1365, 1435, 2864, 3267. MS m/z 
(%): 230.2 (100, [M+H]+). 1H NMR (300 MHz, CDCl3): 1.19 
(9H, s, tBu), 1.37 and 1.38 (6H, 2*s, CMe2), 2.79 (2H, m, 
CMe2CH2), 3.09 (1H, s (broad), NH), 4.99-5.08 (2H, m, -CH=CH2), 5,53-5.90 
(3H, m, -CH=CH-CH-). 13C NMR (75 MHz, CDCl3): 22.8 (CH3, tBu), 29.1 and 
29.4 (CMe2), 36.3 (CH2CMe2), 55.4 (CMe2), 56.0 (Cq, tBu), 115.5 (-CH=CH2), 
126.3, 136.6 and 138.3 (-CH=CH-CH-).   
N- (1- (1-Allylbut- 3 - enyl)cyclohexyl)- tert-butanesulfinamide ( rac) - 71c  
(Petroleum ether/EtOAc 5:1 Rf 0.10) Colourless oil, 55%. IR 
(neat, cm-1) max: 1081, 1363, 1646, 2894, 3290. MS m/z (%): 
298.4 (100, [M+H]+). 1H NMR (300 MHz, CDCl3): 1.22 (9H, s, 
tBu), 1.36-1.88 (10H, m, CH2, c-Hex), 2.34-2,47 (4H, m, -


















CH=CH2). 13C NMR (75 MHz, CDCl3): 23.0 (CH3, tBu), 26.5, 26.8, 26.9, 27.0 and 
27.1 (CH2, c-Hex), 41.2 and 41.3 (-CH2CH=CH2), 45.9 (CCH), 56.6 (Cq, tBu), 
61.7 (CCH), 118.4 and 118.9 (-CH=CH2), 133.8 and 134.1 (-CH=CH2). MS: m/z 
(%): 244.2/245.2.  
5.4. Synthesis of , -Disubstituted -Halo Sulfin-
amides  
In a flame-dried flask was mixed (RS)-2 0d (5 mmol) at -78 °C in dry toluene (20 
mL) with 1.1 equivalents of AlMe3 (1 M in toluene, added dropwise). Then, the 
solution was added dropwise to 2.5 equivalents of the organolithium reagent (2.5 
equivalents of BuLi were added at -78 °C to 2.6 equivalents of trimethylsilylace-
tylene in 10 mL of toluene). The reaction mixture was stirred for 4 h at this tem-
perature. Then the temperature was allowed to rise to ambient temperature 
while stirring for 12 hours. Next, the reaction mixture was quenched with aque-
ous NH4Cl (5 mL). The suspension was filtered over celite and diluted with satu-
rated aqueous KHCO3 (20 mL) and EtOAc (20 mL) and the aqueous layer was 
extracted with EtOAc (3 x 20 mL). The combined organic layers were dried over 
MgSO4, filtered and concentrated. The compounds were purified by flash chroma-
tography.   
( rac) - N- [1- (1- Chloroethyl)- 1 -methyl- 3 - trimethylsilylprop- 2 -ynyl]- tert-
butanesulfinam ide ( rac) -38b (Petroleum ether/EtOAc 4:1 Rf 
0.14) Colourless oil, 21%. Colourless oil, 20%. IR (neat, cm-1) 
max: 893, 1072, 1133, 1365, 1996, 2165, 2982, 3235. MS m/z 
(%): 308.1/310.1 (100, [M+H]+). 1H NMR (300 MHz, CDCl3): 
0.18 (9H, s, SiMe3), 1.23 (9H, s, tBu), 1.60 (3H, s, MeCNH), 
1.68 (3H, d, J 6.9 Hz, MeCH), 4.04 (1H, q, J 6.9 Hz, CHMe). 13C NMR (75 MHz, 
CDCl3): -0.2 (SiMe3-), 20.3 (MeCH), 22.6 (CH3, tBu), 27.2 (MeCq), 56.3 (Cq, tBu), 











5.5. Synthesis of , -Unsaturated -Cyano Sulfin-
amides and -Chloro- -cyanosulfinamides  
In a flame-dried flask was made a solution of (RS)-19 (5 mmol) in dry THF (20 
mL) under nitrogen atmosphere. The stirred solution was cooled to 78 °C. Then, 
1.5 equivalents of Et2AlCN (1 M in THF) was mixed at 0 °C with 1.0 equivalent of 
i-PrOH in THF (5 mL) for 15 minutes, before dropwise addition to the cooled so-
lution of (RS)-19. The reaction mixture was stirred for 1 hour at this tempera-
ture. Then the temperature was allowed to rise to ambient temperature while 
stirring for 12 hours. Next, the reaction mixture was quenched with aqueous 
NH4Cl (5 mL). The reaction mixture was diluted with saturated aqueous KHCO3 
(20 mL) and EtOAc (20 mL) at room temperature and the aqueous layer was ex-
tracted with EtOAc (3 x 20 mL). The combined organic layers were dried, filtered 
and concentrated. The compounds were purified by flash chromatography. The 
compounds were purified by flash chromatography and/or via recrystallisation 
from Et2O.  
N- (1- Cyano- 2 -methylprop- 1 -enyl)- tert-butanesulfinamide ( rac) -254a  
(Petroleum ether/EtOAc 3:2 Rf 0.15) White solid (mp 51.9±0.3 °C), 
38%. IR (neat, cm-1) max: 1048, 1370, 1474, 1634, 2216, 3234. 
MS m/z (%): 201. 1 (80, [M+H]+), 145.1 (5, [M+2H-tBu]+), 127.1 
(100, [M-tBu-O]+). 1H NMR (300 MHz, CDCl3): 1.27 (9H, s, tBu), 
1.91 and 2.07 (6H, 2*s, CMe2), 4.68 (1H, s (broad), NH). 13C NMR 
(75 MHz, CDCl3): 19.6 (CH3a, CMe2), 22.4 (CH3, tBu), 22.6 (CH3b, CMe2), 57.1 
(Cq, tBu), 108.9 (Cq, CMe2), 116.3 (CN), 148.3 (CCN).   
N- (Cyanocyclohexylidenemethyl)- tert-butanesulfinamide ( rac) -254b  
White solid, (mp 79.3±0.3 °C), 34%. IR (KBr, cm-1) max: 1050, 
1368, 1450, 1623, 2216, 3183. MS m/z (%): 241.3 (100, 
[M+H]+). 1H NMR (300 MHz, CDCl3): 1.29 (9H, s, tBu), 1.56-2.62 
(10H, m, CH2, c-Hex), 4.79 (1H, s (broad), NH). 13C NMR (75 
MHz, CDCl3): 22.4 (CH3, tBu), 25.8, 27.2, 27.7, 29.5 and 33.3 
(CH2, c-Hex), 57.1 (Cq, tBu), 105.9 (Cq, c-Hex), 116.2 (CN), 155.2 (CCN).    
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N - [1- (1- Chlorocyclohexyl)- 1 -cyanomethyl]- tert-butanesulfinamide 
( rac) -255b White solid, (mp 77.0±0.5 °C), 11%. IR (KBr, cm-1) 
max: 1072, 1367, 1449, 2242, 3194. MS m/z (%): 277.2/279.2 
(100, [M+H]+), 241.3 (45, [M-Cl]+). 1H NMR (300 MHz, CDCl3): 
1.29 (9H, s, tBu), 1.26-2.70 (10H, m, CH2, c-Hex), 4.22 (1H, d 
(broad), J 9.9 Hz, NH), 4.28 (1H, d, J 9.9 Hz, CHNH). 13C NMR (75 
MHz, CDCl3): 21.5 and 21.6 ( , -CH2, c-Hex), 22.4 (CH3, tBu), 24.7 ( -CH2, c-
Hex), 36.1 and 36.9 ( , -CH2, c-Hex), 55.96 (CHCN), 57.95 (Cq, tBu), 74.1 
(CCl(CH2)5), 116.7 (CN).   
N- (2- Chloro- 1 -cyano-1,2-dimethylpropyl)- tert-butanesulfinamide 257a  
Colourless crystals (mp 133.1±0.2 °C), 70%. IR (KBr, cm-1) max: 
1073, 1131, 1367, 1459, 2982. MS m/z (%): 523.0/525.0/527.0 
(45, [2M+Na]+), 273.2/275.0 (100, [M+Na]+), 251.3/253.2 (15, 
[M+H]+). 1H NMR (300 MHz, CDCl3): 1.28 (9H, s, tBu): 1.66, 1.75 
and 1.85 (9H, 3*s, MeCCNCMe2), 4.28 (1H, s (broad), NH). 13C 
NMR (75 MHz, CDCl3): 22.5 (CH3, tBu), 21.2, 23.3 and 28.5 (MeCCNCMe2), 57.2 
(Cq, tBu), 61.2 (CMeCN), 73.6 (CClMe2), 119.3 (CN).   
5.6. Synthesis of N - ( tert-Butylsulfinyl) -Amino Acet-
als   
In a flame-dried flask was prepared a 0.5 M methanolic solution of N-tert-
butanesulfinyl -chloro imine 19,20 (10 mmol). 3 Equivalents of NaOMe in 
methanol (4 M) was added dropwise to the stirred solution. Then the reaction 
was stirred for 16 hours at ambient temperature before quenching with NH4Cl (5 
mL) and diluted with saturated aqueous KHCO3 (20 mL) and EtOAc (20 mL). The 
aqueous layer was extracted with EtOAc (2 x 20 mL). The combined organic lay-
ers were dried over MgSO4, filtered and concentrated to afford pure -amino 
acetals 260. Compounds 260a,d,e were purified by recrystallisation from dry 
Et2O.  
N - (2,2-Dimethoxy-1,1-dimethylethyl)- tert-butanesulfinamide (rac) -260a  
Colourless crystals (mp 59.0±0.2 °C), 97%. IR (KBr, cm-1) max: 1074, 1110, 
1363, 1474, 3307. MS m/z (%): 238.1 (10, [M+H]+), 206.1 (100, [M-OMe]+). 
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1H NMR (300 MHz, CDCl3): 1.16 (3H, s, CH3a, CMe2), 1.20 (9H, s, 
tBu), 1.30 (3H, s, CH3b, CMe2), 3.54 and 3.59 (6H, 2*s, 
CH(OMe)2), 3.60 (1H, s (broad), NH), 3.63 (1H, s, CH(OMe)2). 13C 
NMR (75 MHz, CDCl3): 22.6 (CH3, tBu), 22.7 and 22.9 (CMe2), 
55.3 (Cq, tBu), 58.4 and 58.8 (CH(OMe)2), 58.80(CMe2), 111. 7 
(CH(OMe)2).   
N - (1,1-Diethyl-2,2- dimethoxyethyl) - tert-butanesulfinamide (rac) -260b  
Colourless oil, 96%. IR (neat, cm-1) max: 1081, 1155, 1363, 
1388, 2979, 3207. MS m/z (%): 266.1 (15, [M+H]+), 234.1 (100, 
[M-OMe]+). 1H NMR (300 MHz, CDCl3): 0.89 and 0.95 (6H, 2*t, J 
= 6.8Hz, CH3, CEt2), 1.22 (9H, s, tBu), 1.50-1.95 (4H, m, CH2, 
CEt2), 3.53 and 3.59 (6H, 2*s, CH(OMe)2), 3.69 (1H, s (broad), 
NH), 4.25 (1H, s, CH(OMe)2). 13C NMR (75 MHz, CDCl3): 8.0 en 7.9 (CH3, CEt2), 
22.2 (CH3, tBu), 25.3 and 26.0 (CH2, CEt2), 56.0 (Cq, tBu), 58.7 and 59.0 
(CH(OMe)2), 63.4 (CEt2), 111.9 (CH(OMe)2).   
N - [ 1 - ( Dimethoxymethyl) cyclohexyl] - tert -butanesulfinamide (rac) -260c  
Colourless oil, 98%. IR (neat, cm-1) max: 1073, 1189, 1364, 
1449, 3305. MS m/z (%): 278.2 (5, [M+H]+), 246.1 (100, [M-
OMe]+). 1H NMR (300 MHz, CDCl3): 1.21 (9H, s, tBu), 1.23-2.17 
(10H, m, CH2, c-Hex), 3.54 (6H, s, CH(OMe)2), 3.74 (1H, s 
(broad), NH), 3.94 (1H, s, CH(OMe)2). 13C NMR (75 MHz, CDCl3): 
21.1 and 21.2 ( , -CH2, c-Hex), 22.2 (CH3, tBu), 26.0 ( -CH2, c-Hex), 31.7 and 
31.8 ( , -CH2, c-Hex), 55.3 (Cq, tBu), 58.1 and 58.3 (broad, CH(OMe)2), 73.6 
(C(CH2)5), 111.3 (CH(OMe)2).   
N - (2,2-Dimethoxy-1,1-dimethylpropyl)- tert-butanesulfinamide (rac) - 
260d Colourless crystals (mp 73.4±0.2 °C), 92%. IR (KBr, cm-
1) max: 1050, 1145, 1364, 1474, 3234. MS m/z (%): 274.2 (30, 
[M+Na]+), 220.1 (5, [M-OMe]+), 525.3 (100, [2M+Na]+). 1H 
NMR (300 MHz, CDCl3): 1.20 (9H, s, tBu), 1.27 (3H, s, CH3a, 
CMe2), 1.34 (3H, s, CH3C(OMe)2), 1.38 (3H, s, CH3b, CMe2), 
3.33 and 3.34 (6H, 2*s, CMe(OMe)2), 3.79 (1H, s (broad), NH). 13C NMR (75 
MHz, CDCl3): 16.8 (MeC(OMe)2), 22.7 (CH3, tBu), 23.5 and 25.9 (CMe2), 50.9 
and 51.7 (CMe(OMe)2), 55.3 (Cq, tBu), 62.5 (CMe2), 103.7 (CMe(OMe)2).  
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N - (2,2-Dimethoxy- 1 -methylpropyl)- tert-butanesulfinamide (rac) -260e  
Mixture of diastereomers (57:43-mixture M/m) White solid (mp 
43.9±0.5 °C), 92%. IR (KBr, cm-1) max: 1069, 1171, 1180, 
1361, 1364, 1474, 3234, 3409. MS m/z (%): 238.1 (10, 
[M+H]+), 206.1 (100, [M-OMe]+). 1H NMR (300 MHz, C6D6): 1.02 
(9H, s, tBuM), 1.10 (3H, s, MeMC(OMe)2), 1.14 (3H, d, J 7.3 Hz, 
MeMCH), 2.91 and 3.06 (6H, 2*s, CMe(OMe)2M), 3.63 (1H, s (broad), NHM), 3,69 
(1H, q, J 7.3 Hz, CHMMe). 13C NMR (75 MHz, C6D6): 15.0 (MeCHM), 16.2 
(MeC(OMe)2M), 22.1 (CH3M, tBu), 47.3 and 47.9 (CMe(OMe)2M), 54.4 (CHMeM), 
54.9 (CqM, tBu), 102.5 (CMe(OMe)2M).  
1H NMR (300 MHz, C6D6): 1.05 (9H, s, tBum), 1.07 (3H, s, 
MemC(OMe)2), 1.21 (3H, d, J 6.9 Hz, MemCH), 2.93 and 2.98 (6H, 
2*s, CMe(OMe)2m), 2.88 (1H, s (broad), NHm), 3,53 (1H, q, J 6.9 
Hz, CHmMe). 13C NMR (75 MHz, C6D6): 16.0 (MeCHm), 17.7 
(MeC(OMe)2m), 22.3 (CH3m , tBu), 47.6 and 50.8 (CMe(OMe)2m), 
55.4 (CHMem), 54.9 (Cqm, tBu), 102.7 (CMe(OMe)2m).   
6. Synthesis of -Chloro -Substituted Sulfinamides  
In a flame-dried flask was prepared a solution of (RS)-21c (5 mmol) in dry 
CH2Cl2 (20 mL) under nitrogen atmosphere. The stirred solution was cooled to  
78 °C before 1.1 equivalents of the Grignard reagent (1 M in THF) was added 
dropwise. The reaction was prolonged at this temperature for 4 hours before the 
reaction mixture was quenched by the addition of NH4Claq (5 mL) and diluted 
with saturated aqueous KHCO3 (20 mL) and EtOAc (20 mL) at room temperature. 
The aqueous layer was extracted with EtOAc (2 x 20 mL). The combined organic 
layers were dried over MgSO4, filtered and concentrated. The compounds were 
purified by flash chromatography. Petroleum ether/EtOAc 3:1 Rf 0.15  
( rac) - N- ( 4 -Chloro- 1 -ethylbutyl)- tert- butanesulfinamide (rac) -266a  
(Petroleum ether/EtOAc 87:13 Rf 0.10) Colorless oil, 52%. IR 
(NaCl, cm-1) max: 1051, 1364, 1457, 3226. MS m/z (%): 
240.3/242.4 (100, [M+H]+), 204.3 (5, [M-Cl]+). 1H NMR (300 
MHz, CDCl3): 0.97 (3H, t, J 7.4 Hz, CH3, Et), 1.22 (9H, s, tBu), 
1.30-1.95 (6H, m, CH2CHCH2CH2), 2.99 (1H, s (broad), NH), 3.19 (1H, m, NCH), 
t-Bu S NH
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3.55 (2H, t , J 6.6 Hz, ClCH2). 13C NMR (75 MHz, CDCl3): 10.0 (CH3, Et), 22.7 
(CH3, tBu), 28.6 (CH2, Et), 29.2 (CH2CH2Cl), 32.3 (CH2CH), 45.0 (ClCH2), 55.9 
(Cq, tBu), 57.4 (CH).   
( rac) - N- ( 4 -Chloro- 1 -phenylbutyl)- tert-butanesulfinamide (rac) -266b  
(Petroleum ether/EtOAc 87:13 Rf 0.10) Colorless crystals (mp 
70.3 ± 0.2 °C), 65%. IR (KBr, cm-1) max: 1073, 1364, 1451, 
1497, 2950, 3176, 3431. MS m/z (%): 288.3/290.4 (100, 
[M+H]+). 1H NMR (300 MHz, CDCl3): 1.23 (9H, s, tBu), 1.50-
1.83 (2H, m, CH2CH2Cl), 1.84-2.32 (2H, m, CH2CH2CH), 3.47 (3H, s (broad) and 
t, J 6.6 Hz, NH and ClCH2), 4.38 (1H, ddd, CHN), 7.26-7.39 (5H, m, C6H5). 1 3C 
NMR (75 MHz, CDCl3): 22.8 (CH3, tBu), 28.9 (CH2CH2Cl), 33.9 (CH2CH), 44.8 
(CH2Cl), 55.9 (Cq, tBu), 58.5 (CH2CH), 127.2 (Com, Ph), 128.2 (Cp, Ph), 129.0 (Co-
m, Ph), 142.0 (Cq, Ph).   
( rac) - N- (1-Allyl- 4 -chlorobutyl)- tert-butanesulfinamide (rac) -266c  
(Petroleum ether/EtOAc 80:20 Rf 0.15) Colorless oil, 51%. IR 
(NaCl, cm-1) max: 733, 1056, 1364, 1456, 1641, 2959, 3078, 
3226. MS m/z (%): 252.7/254.8 (100, [M+H]+). 1H NMR 
(300MHz; CDCl3): 1,21 (9H, s, tBu); 1,50-1,95 (4H, m, 
CHCH2CH2); 2,38 (2H, m, CHCH2CH); 3,17 (1H, d broad, NH); 
3,28 (1H, m, NCH); 3,55 (2H, t, J = 6,6Hz, ClCH2); 5,06-5,16 (2H, m, CH2=CH); 
5,71-5,84 (1H, m, CH2=CH). 13C NMR (75MHz; CDCl3): 22.7 (CH3, tBu), 28.8 
(CH2CH2Cl), 32.3 (CH2CH2CH), 40.6 (CHCH2CH), 44.9 (ClCH2), 55.7 (Cq, tBu), 
56.0 (NCH), 119.3 (CH=CH2), 133.8 (CH=CH2).   
7. Synthesis of -Chloro -Dihydroxysulfonamide  
A 0.5 M solution of 0.3 g -chloro -vinylsulfinamide (RS,R)-34p (1.25 mmol) in 
H2O/CH2Cl2 (1:1) was prepared. Solid KHCO3 was added until a KHCO3 precipitate 
was formed. Then 0.15 g of KHCO3 was added and the suspension was stirred for 
2 min at room temperature before 0.44 g of KMnO4, dissolved in 20 mL H2O, was 
added dropwise over a 10 minutes period (temperature control <30 °C). After 7 
minutes (even during the addition of the KMnO4 suspension) no exothermic reac-
tion occurred when the KMnO4 solution was added so additional heating in an oil 
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bath (40 °C) was applied for 30 min. Then aqueous NaHSO3 was added until a 
pink solution was formed (pH 3). The aqueous layer was extracted with CH2Cl2 (3 
x 20 mL). The combined organic layers were dried over MgSO4, filtered and con-
centrated. The compounds were purified by flash chromatography.  
N- [1- (1- Chloro- 1 -methylethyl)-2,3- dihydroxypropyl]- tert-butanesulfon-
am ide ( rac) -237a (Petroleum ether/EtOAc 80:20 Rf 0.05) Col-
ourless oil, 60%. IR (neat, cm-1) max: 1126, 1296, 1367, 1460, 
2978, 3340, 3469. MS m/z (%): 286.2/288.1 (5, [M-H]-), 250.2 
(100, [M-2H-Cl]-).1H NMR (300 MHz, CDCl3): 1.24 and 1.33 (6H, 
2*s, CMe2), 1.45 (9H, s, tBu), 2.98 (2H, s (broad), HOCH2CHOH), 
3.57 (1H, dd, J 10.6 Hz, 6.3 Hz, Ha, CH2OH), 3.78 (1H, dd, J 10.6 
Hz, 2.5 Hz, Hb, CH2OH), 4.08 (1H, dd, J 10.3 Hz, 5.2 Hz, NCH), 4.39 (1H, ddd, J 
6.3 Hz, 5.2 Hz, 2.5 Hz, CHOH), 4.70 (1H, d (broad), J 10.3 Hz, NH). 13C NMR 
(75 MHz, CDCl3): 22.4 (CH3a, CMe2), 24.3 (CH3, tBu), 27.3 (CH3b, CMe2), 54.9 
(Cq, tBu), 64.3 (NCH), 71.4 (CH2OH), 71.6 (CHOH), 80.1 (CMe2).  
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8. Synthesis of Aziridines 
8.1. Synthesis of Chiral C-Monosubstituted Aziridines 
8 . 1 . 1 R e d u ct i o n o f N - Su l f i n y l K e t i m i n e s w i t h 
N a BH 4  
In a flame-dried flask was made a 5%-solution of N-tert-butanesulfinyl -halo 
ketimine 20 (10 mmol) in THF under nitrogen atmosphere. The stirred solution 
was cooled to 78 °C before 10 equivalents of MeOH (4.6 mL) and 2 equivalents 
of NaBH4 (20 mmol) were added. Then the reaction was stirred for 1 hour at this 
temperature before quenching with NH4Cl (5 mL) and diluted with saturated 
aqueous KHCO3 (20 mL) and EtOAc (20 mL). The aqueous layer was extracted 
with EtOAc (2 x 20 mL). The combined organic layers were dried over MgSO4, 
filtered and concentrated to afford pure -halo N-sulfinamide 34. The latter com-
pound was dissolved in a 1:1-mixture H2O/THF. Three equivalents of KOH (0.84 
g) were added to the stirred solution, which was warmed to reflux temperature. 
After a reflux period of 12 h, the reaction mixture was cooled to 0 °C. Diethyl 
ether (10 mL) was added and the organic layer was separated. The aqueous 
layer was extracted with Et2O (2 x 10 mL). The combined organic layers were 
dried over MgSO4/K2CO3 (10:1), filtered and concentrated. Aziridines (RS,S)-35 
were purified by recrystallisation from Et2O.   
( RS,S) - N - ( tert-Butylsulfinyl)- 2 -phenylaziridine (RS,S) -35e  
Colourless crystals (mp 104.6 0.2 °C), 90%. [ ] D +310 (c 0.6, 
CHCl3). IR (KBr, cm-1) max: 1074, 1363, 1584, 2982, 3063. MS 
m/z (%): 224.2 (100, [M+H]+). 1H NMR (300 MHz, CDCl3): 1.18 
(9H, s, tBu), 2.17 (1H, d, J 4.1 Hz, Ha, CH2N), 2.45 (1H, d, J 6.9 
Hz, Hb, CH2N), 3.61 (1H, dd, J 6.9 Hz, 4.1 Hz, CHMe), 7.26-7.37 
(5H, m, Ph). 13C NMR (75 MHz, CDCl3): 22.9 (CH3, tBu), 31.5 (CHPh), 32.0 
(CH2N), 57.0 (Cq, tBu), 127.0 (Com, Ph), 128.0 (Cp, Ph), 128.8 (Com, Ph), 137.3 









8 . 1 . 2 R e d u ct i o n o f N - Su l f i n y l K e t i m i n e s w i t h 
L i BH Et 3  
Imines (RS)-20e (5 mmol) were dissolved in dry THF (0.5 M solution) and cooled 
to -78 °C. To the stirred solution was then added LiBHEt3 dropwise (1 M in THF, 
5.5 mL). Then the reaction was stirred for 1 hour at -78 °C before quenching 
with NH4Cl (5 mL) and diluted with saturated aqueous KHCO3 (20 mL) and EtOAc 
(20 mL). The aqueous layer was extracted with EtOAc (2 x 20 mL). The com-
bined organic layers were dried (MgSO4), filtered and concentrated to furnish a 
colourless oil which was dissolved in a 1:1-mixture H2O/THF (22 mL) and KOH 
(0.84 g, 15 mmol) was added. The stirred mixture was warmed to reflux tem-
perature. When complete (16 h) the reaction mixture was cooled to 0 °C. Diethyl 
ether (10 mL) was added and the organic layer was separated. The aqueous 
layer was extracted with Et2O (2 x 10 mL). The combined organic layers were 
dried over MgSO4/K2CO3 (10:1), filtered and concentrated. Aziridines (RS,R)-35 
were purified by recrystallisation from Et2O.   
( RS,R) - 1 - ( tert-Butylsulfinyl)- 2 -phenylaziridine (RS,R) -35e  
Colourless crystals (mp 84.0 0.3 °C), 62%. [ ] D -335 (c 0.6, 
CHCl3). IR (KBr, cm-1) max: 1080, 1362, 1589, 2923, 3061. MS 
m/z (%): 224.2 (100, [M+H]+). 1H NMR (300 MHz, CDCl3): 1.30 
(9H, s, tBu), 2.01 (1H, d, J 4.0 Hz, Ha, CH2N), 2.99 (1H, d, J 6.9 
Hz, Hb, CH2N), 3.12 (1H, dd, J 6.9 Hz, 3.9 Hz, CHMe), 7.24-7.30 
(5H, m, Ph). 13C NMR (75 MHz, CDCl3): 22.8 (CH3, tBu), 28.6 (CHPh), 34.8 
(CH2N), 57.5 (Cq, tBu), 126.6 (Com, Ph), 127.7 (Cp, Ph), 128.4 (Com, Ph), 137.7 
(Cq, Ph).  
8.2. Synthesis of gem-Disubstituted Aziridines 
8 . 2 . 1 R e d u ct i o n o f N - Su l f i n y l K e t i m i n e s w i t h 
N a BH 4  
In a flame-dried flask was made a 5%-solution of N-tert-butanesulfinyl -halo 
aldimine 19a or 19b (10 mmol) in dry THF under nitrogen atmosphere. The 









and 2 equivalents of NaBH4 (20 mmol) were added. Then the reaction was stirred 
for 1 hour at this temperature before quenching with NH4Cl (5 mL) and diluted 
with saturated aqueous KHCO3 (20 mL) and EtOAc (20 mL). The aqueous layer 
was extracted with EtOAc (2 x 20 mL). The combined organic layers were dried 
over MgSO4, filtered and concentrated to afford pure -halo N-sulfinamide 34. 
The latter compound was dissolved in a 1:1-mixture H2O/THF. Three equivalents 
of KOH (0.84 g) were added to the stirred solution. The stirred mixture was 
warmed to reflux temperature. When complete (reflux for 12 h), the reaction 
mixture was cooled to 0 °C. Diethyl ether (10 mL) was added and the organic 
layer was separated. The aqueous layer was extracted with Et2O (2 x 10 mL). 
The combined organic layers were dried over MgSO4/K2CO3 (10:1), filtered and 
concentrated. Aziridines (RS,S)-35 were purified by flash chromatography.   
( RS) - 1 - ( tert-Butylsulfinyl)-2,2-dimethylaziridine (RS) -230a  
Petroleum ether/EtOAc (80:20), Rf 0.25. Colourless oil, 95%. [ ] D -
14 (c 0.1, MeOH). IR (neat, cm-1) max: 1073, 1117, 1362, 1460, 
2981. MS m/z (%): 176.1 (100, [M+H]+). 1H NMR (300 MHz, 
CDCl3): 1.21 (9H, s, tBu), 1.28 and 1.41 (6H, 2*s, CMe2), 1.74 and 
2.44 (2H, 2*s, NCH2). 13C NMR (75 MHz, CDCl3): 22.6 (CH3, tBu), 
19.4 and 25.8 (CMe2), 32.1 (CH2N), 39.1 (CMe2), 57.1 (Cq, tBu).   
( RS) - 1 - ( tert-Butylsulfinyl)-2,2-diethylaziridine (RS) -230b  
Petroleum ether/EtOAc (87:23), Rf 0.2. Colourless oil, 95%. [ ] D -
44 (c 0.7, MeOH). IR (neat, cm-1) max: 1071, 1081, 1361, 1459, 
2976. MS m/z (%): 204.2 (100, [M+H]+). 1H NMR (300 MHz, 
CDCl3): 0.90 and 1.03 (6H, 2*t, J 7.4 Hz, CH3, CEt2), 1.21 (9H, s, 
tBu), 1.38-1.84 (4H, m, CH2, CEt2), 1.75 and 2.39 (2H, 2*s, CH2N). 
13C NMR (75 MHz, CDCl3): 8.8 and 10.9 (CH3, CEt2), 22.6 (CH3, tBu), 23.3 and 
27.3 (CH2, CEt2), 30.7 (CH2N), 46.5 (CEt2), 57.5 (Cq, tBu).   
8 . 2 . 2 A d d i t i o n o f Gr i g n a r d r e a g e n t s a cr o ss 
A r o m a t i c N - Su l f i n y l K e t i m i n e s  
In a flame-dried flask was made a 0.5 M solution of (RS)-20e,f (5 mmol) in dry 
CH2Cl2 under nitrogen atmosphere. The stirred solution was cooled to 78 °C be-
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fore 2.0 equivalents of the Grignard reagent (1-2 M in THF) was added dropwise. 
The reaction was stirred for 2 hours at -78 °C before prolongation at -40 °C for 4 
hours. AllylMgCl was stirred for 4 h at -78 °C. Then, the reaction mixture was 
quenched at this temperature by the addition of NH4Claq (5 mL) and diluted with 
saturated aqueous KHCO3 (20 mL) and EtOAc (20 mL) at room temperature. The 
aqueous layer was extracted with EtOAc (2 x 20 mL). The combined organic lay-
ers were dried over MgSO4 (containing a trace of K2CO3), filtered and concen-
trated. The compounds were purified by flash chromatography.  
( RS,S) - 1 - ( tert-Butylsulfinyl)- 2 - (4-chlorophenyl)- 2 -ethylaziridine (RS,S) - 
39f Petroleum ether/EtOAc (87/13) Rf 0.18. Colourless crystals 
(mp 125.7±0.1 °C), 83%. [ ] D -135 (c 0.1, MeOH). IR (KBr, cm-
1) max: 1091, 1362, 1493, 1591, 2966. MS m/z (%): 286.2/288.3 
(100, [M+H]+), 230.2/232.2 (10, [M+2H-tBu]+). 1H NMR (300 
MHz, CDCl3): 0.84 (3H, t, J 7.4 Hz, CH3, Et), 1.19 (9H, s, tBu), 
1.63 (1H, dq, J 14.5 Hz, 7.4 Hz, Ha, CH2, Et), 2.04 (1H, s, Ha, 
CEtCH2), 2.09 (1H, dq, J 14.5 Hz, 7.4 Hz, Hb, CH2, Et), 3.00 (1H, s, Hb, CEtCH2), 
7.27-7.33 (4H, m, Ar). 13C NMR (75 MHz, CDCl3): 9.6 (CH3, Et), 22.7 (CH3, tBu), 
28.9 (CH2CEt), 32.8 (CH2, Et), 48.4 (CEtAr), 57.3 (Cq, tBu), 128.5 (Com, Ar), 
130.6 (Com, Ar), 134.1 (CCq, Ar), 135.1 (ClCq, Ar).   
( RS,S) - 1 - ( tert-Butylsulfinyl)- 2 -allyl- 2 -phenylaziridine (RS,S) -39h  
Petroleum ether/EtOAc (87/13) Rf 0.18. Colourless crystals (mp 
84.5±0.3 °C), 69%. [ ] D -160 (c 0.4, MeOH). IR (KBr, cm-1) max: 
1072, 1362, 1449, 1599, 1641, 2979. MS m/z (%): 264.2 (100, 
[M+H]+), 208.2 (5, [M+2H-tBu]+). 1H NMR (300 MHz, CDCl3): 
1.19 (9H, s, tBu), 2.10 (1H, s Ha, CCH2N), 2.47 and 2.78 (2H, dd, 
J 14.3 Hz, 6.9 Hz, -CH2CH=CH2), 3.05 (1H, s, Ha, CCH2N), 4.98-
5.04 (2H, m, -CH=CH2), 5.69-5.76 (1H, m, -CH=CH2), 7.26-7.64 (5H, m, Ph). 
13C NMR (75 MHz, CDCl3): 22.8 (CH3, tBu), 28.7 (CH2N), 44.0 (-CH2CH=CH2), 
47.5 (NCPh), 57.2 (Cq, tBu), 118.2 (-CH=CH2), 128.3 (Com, Ph), 128.8 (Com, Ph), 
129.2 (Cp, Ph), 133.1 (-CH=CH2), 136,4 (Cq, Ph).   
( RS,S) - 1 - ( tert-Butylsulfinyl)- 2 -allyl- 2 - (4-chlorophenyl)aziridine (RS,S) - 
39i Petroleum ether/EtOAc (87/13) Rf 0.18. Colourless crystals (mp 46.4±0.2 














1572, 2979, 3030. MS m/z (%): 298.2/300.3 (100, [M+H]+). 1H 
NMR (300 MHz, CDCl3): 1.19 (9H, s, tBu), 2.10 (1H, s Ha, 
CCH2N), 2.43 and 2.74 (2H, dd, J 14.3 Hz, 7.2 Hz, -CH2CH=CH2), 
3.02 (1H, s, Ha, CCH2N), 4.98-5.08 (2H, m, -CH=CH2), 5.60-5.77 
(1H, m, -CH=CH2), 7.27-7.30 (4H, m, Ar). 13C NMR (75 MHz, 
CDCl3): 22.7 (CH3, tBu), 28.7 (CH2N), 44.0 (-CH2CH=CH2), 46.8 
(NCAr), 57.4 (Cq, tBu), 118.6 (-CH=CH2), 128.6 (Com, Ar), 130.6 (Com, Ar), 132.8 
(-CH=CH2), 134.2 and 134.9 (Cq, Ar).   
( RS,S) - 1 - ( tert-Butylsulfinyl)- 2 - isopropyl- 2 -phenylaziridine (RS,S) -39j  
Petroleum ether/EtOAc (87/13) Rf 0.45. Colourless oil, 85%. [ ] D -
204 (c 0.5, MeOH). IR (neat, cm-1) max: 1082, 1361, 1456, 1573, 
2961, 3060. MS m/z (%): 266.2 (100, [M+H]+), 210.2 (5, [M+2H-
tBu]+). 1H NMR (300 MHz, CDCl3): 0.86 and 0.95 (6H, 2*d, J 6.9 
Hz, CH3, i-Pr), 1.20 (9H, s, tBu), 1.90 (1H, sept, J 6.9 Hz, CH, i-
Pr), 2.04 and 2.91 (2H, 2*s, CH2), 7.29-7.41 (5H, m, Ph). 13C 
NMR (75 MHz, CDCl3): 18.0 and 18.9 (CH3, i-Pr), 22.9 (CH3, tBu), 28.4 (CH2N), 
36.4 (CH, i-Pr), 51.6 (NCPh), 57.2 (Cq, tBu), 127.9 (Com, Ph), 128.1 (Cp, Ph), 
130.0 (Com, Ph), 135.4 (Com, Ph).   
( RS,S) - 1 - ( tert-Butylsulfinyl)- 2 - isopropyl- 2 - (4-chlorophenyl)aziridine 
( RS,S) -39k Petroleum ether/EtOAc (87/13) Rf 0.45. Colourless 
oil, 86%. [ ] D -190° (c 0.13, MeOH). IR (neat, cm-1) max: 1082, 
1362, 1493, 1588, 2962, 3052. MS m/z (%): 300.3/302.3 (100, 
[M+H]+), 244.3/246.3 (15, [M+2H-tBu]+). 1H NMR (300 MHz, 
CDCl3): 0.85 and 0.93 (6H, 2*d, J 6.9 Hz, CH3, i-Pr), 1.20 (9H, s, 
tBu), 1.87 (1H, sept, J 6.9 Hz, CH, i-Pr), 2.04 and 2.88 (2H, 2*s, 
CH2), 7.19-7.32 (4H, m, Ar). 13C NMR (75 MHz, CDCl3): 17.9 and 
18.8 (CH3, i-Pr), 22.8 (CH3, tBu), 28.3 (CH2N), 36.3 (CH, i-Pr), 51.0 (NCAr), 57.4 
(Cq, tBu), 128.3 (Com, Ar), 131.3 (Com, Ar), 133.9 and 134.0 (Cq, Ar).   
8.3. Synthesis of vic- Disubstituted Aziridines  
In a flame-dried flask was made a 5%-solution of N-tert-butanesulfinyl -halo 


















was cooled to 78 °C and 2 equivalents of NaBH4 (20 mmol) were added. Then 
the reaction mixture was stirred for 1 hour at this temperature and 12 h at room 
temperature before quenching with NH4Cl (5 mL) and diluted with saturated 
aqueous KHCO3 (20 mL) and EtOAc (20 mL). The aqueous layer was extracted 
with EtOAc (2 x 20 mL). The combined organic layers were dried over MgSO4, 
filtered and concentrated to afford a mixture of 1- tert-butylsulfinyl-2,3-
dimethylaziridine 35d. Aziridine 35d was purified by flash chromatography and 
subsequent recrystallisation from Et2O.   
( rac) - 1 - ( tert-Butylsulfinyl)-2,3-dimethylaziridine (rac) - 35d  
Colourless crystals, 32% (mp 77.0±0.1 °C). I R (cm-1) max: 1083, 
1135, 1363. MS m/z (%): 176.1 (60, [M+H]+), 120,1 (100, [M+2H-
tBu]+). 1H NMR (300 MHz, C6D6): 0.86 (3H, d, J 5.8 Hz, CH3, 
MeaCHN), 0.90 (3H, d, J 6.1 Hz, CH3, MebCHN), 1.10 (9H, s, tBu), 
2.12 (1H, dq, J 6.9 Hz, 5.8 Hz, MeaCHN), 2.76 (1H, dq, J 6.9 Hz, 6.1 
Hz, MebCHN). 13C NMR (75 MHz, C6D6): 11.4 (CH3bCHN), 12.1 (CH3aCHN), 22.5 
(CH3, tBu), 29.4 (NCHMeb), 33.1 (NCHMea), 55.5 (Cq, tBu).   
8.4. Synthesis of Chiral Trisubstituted Aziridines 
8 . 4 . 1 R e d u ct i o n o f N - Su l f i n y l K e t i m i n e s w i t h 
N a BH 4  
In a flame-dried flask was made a 5%-solution of N-tert-butanesulfinyl -halo 
ketimines 20a,b (10 mmol) in THF under nitrogen atmosphere. The stirred solu-
tion was cooled to 78 °C before 10 equivalents of MeOH (4.6 mL) and 2 equiva-
lents of NaBH4 (20 mmol) were added. Then the reaction was stirred for 1 hour 
at this temperature before quenching with NH4Cl (5 mL) and diluted with satu-
rated aqueous KHCO3 (20 mL) and EtOAc (20 mL). The aqueous layer was ex-
tracted with EtOAc (2 x 20 mL). The combined organic layers were dried over 
MgSO4, filtered and concentrated to afford pure -halo N-sulfinamide 34. The 
latter compound was dissolved in a 1:1-mixture H2O/THF. Three equivalents of 
KOH (0.84 g) were added to the stirred solution. The stirred mixture was 
warmed to reflux temperature for 16 h and then the reaction mixture was cooled 









The aqueous layer was extracted with Et2O (2 x 10 mL). The combined organic 
layers were dried over MgSO4/K2CO3 (10:1), filtered and concentrated. Aziridine 
(RS,S)-35a was purified via recrystallisation from Et2O; Aziridine (RS,S)-35b was 
obtained as such.   
( RS,S) - 1 - ( tert-Butylsulfinyl)-2,2,3 - trimethylaziridine (RS,S) -35a  
Colourless crystals (mp 54.0 0.2 °C), 88%. [ ] D -88 (c 0.7, 
MeOH). IR (KBr, cm-1) max: 1081, 1361, 1457, 2928, 2961. MS 
m/z (%): 190.1 (100, [M+H]+). 1H NMR (300 MHz, CDCl3): 1.21 
(3H, d, J 5.8 Hz, CH3CH), 1.24 (9H, s, tBu), 1.26 and 1.58 (6H, 
2*s, CMe2), 2.32 (1H, q, J 5.8 Hz, CHCH3). 13C NMR (75 MHz, 
CDCl3): 13.5 (CHCH3), 21.5 and 21.6 (CMe2), 22.3 (CH3, tBu), 44.8 (CHCH3), 
46.2 (CMe2), 55.7 (Cq, tBu).   
( RS,S) - 1 - ( tert-Butylsulfinyl)-2,2-diethyl- 3 -methylaziridine (RS,S) -35b  
Colourless oil, 92%. [ ] D -80 (c 0.7, MeOH). IR (neat, cm-1) max: 
1071, 1362, 1463, 2988. MS m/z (%): 218.1 (100, [M+H]+), 
162.1 (30, [M+2H-tBu]+). 1H NMR (300 MHz, CDCl3): 1.00 and 
1.05 (6H, 2*d, J 7.4 Hz, CH3, CEt2), 1.22 (9H, s, tBu), 1.23 (3H, d, 
J 5.8 Hz, CH3CH), 1.33-2.10 (4H, m, CH2, CEt2), 2.29 (1H, q, J 5.8 
Hz, CH3CH). 13C NMR (75 MHz, CDCl3): 9.4 and 11.0 (CH3, CEt2), 13.3 (CHCH3), 
22.2 (CH3, tBu), 22.9 and 25.1 (CH2, CEt2), 45.8 (CHCH3), 53.2 (CEt2), 55.8 (Cq, 
tBu).   
8 . 4 . 2 R e d u ct i o n o f N - Su l f i n y l K e t i m i n e s w i t h 
L i BH Et 3  
-Chloro imines (RS)-20a,b (5 mmol) were dissolved in THF (0.5 M solution) and 
cooled to -78 °C. To the stirred solution was then added LiBHEt3 dropwise (1 M in 
THF, 5.5 mL). Then the reaction was stirred for 1 hour at -78 °C before quench-
ing with NH4Cl (5 mL) and diluted with saturated aqueous KHCO3 (20 mL) and 
EtOAc (20 mL). The aqueous layer was extracted with EtOAc (2 x 20 mL). The 
combined organic layers were dried (MgSO4), filtered and concentrated to furnish 
a colourless oil which was dissolved in a 1:1-mixture H2O/THF (22 mL) and KOH 












perature. When complete (16 h) the reaction mixture was cooled to 0 °C. Diethyl 
ether (10 mL) was added and the organic layer was separated. The aqueous 
layer was extracted with Et2O (2 x 10 mL). The combined organic layers were 
dried (MgSO4), filtered and concentrated. Aziridine (RS,R)-35a was obtained as 
colourless crystals (recrystallisation from Et2O) while aziridine (RS,R)-35b was 
obtained as a colourless liquid after flash chromatography.  
( RS,R) - 1 - ( tert-Butylsulfinyl)-2,2,3- trimethylaziridine (RS,R) -35a  
Colourless crystals (mp 60.6 0.3 °C), 61%. [ ] D -115 (c 1.3, 
MeOH). IR (KBr, cm-1) max: 1080, 1363, 1457, 2929, 2960. MS 
m/z (%): 190.1 (100, [M+H]+), 134.1 (65, [M+2H-tBu]+). 1H NMR 
(300 MHz, CDCl3): 1.19 (3H, s, CH3a, CMe2), 1.20 (9H, s, tBu), 1.21 
(3H, d, J 5.8 Hz, CH3CH), 1.40 (3H, s, CH3b, CMe2), 2.54 (1H, q, J 
5.8 Hz, CHCH3). 13C NMR (75 MHz, CDCl3): 13.5 (CHCH3), 20.6 and 20.9 (CMe2), 
22.6 (CH3, tBu), 36.4 (CHCH3), 42.9 (CMe2), 55.9 (Cq, tBu).   
( RS,R) - 1 - ( tert-Butylsulfinyl)-2,2-diethyl- 3 -methylaziridine (RS,R) -35b  
Petroleum ether/Ethyl acetate (87:23), Rf 0.18. Colourless oil, 57%. 
[ ] D -167 (c 0.7, MeOH). IR (neat, cm-1) max: 1091, 1361, 1461, 
2978, 2969. MS m/z (%): 218.2 (100, [M+H]+), 162.1 (20, 
[M+2H-tBu]+). 1H NMR (300 MHz, CDCl3): 0.88 and 0.89 (6H, 2*d, 
J 5.8 Hz, CH3, CEt2), 0.98 (3H, t, J 7.4 Hz, CH3CH), 1.14 (9H, s, 
tBu), 1.23 (1H, dq, J 14.0 Hz, J 7.4 Hz, Ha, CH2, CEt2), 1.44 (1H, dq, 14.0 Hz, J 
7.4 Hz, Hb, CH2, CEt2), 1.56 (1H, dq, J 14.6 Hz, 7.4 Hz, Hc, CH2, CEt2), 1.88 (1H, 
q, J 5.8 Hz, CH3CH), 2.10 (1H, dq, J 14.6 Hz, 7.4 Hz, Hd, CH2, CEt2). 13C NMR 
(75 MHz, CDCl3): 9.2 and 10.9 (CH3, CEt2), 13.3 (CHCH3), 22.1 (CH3, tBu), 22.9 
and 25.0 (CH2, CEt2), 45.7 (CHCH3), 53.1 (CEt2), 55.7 (Cq, tBu).  
8 . 4 . 3 A d d i t i o n o f Gr i g n a r d r e a g e n t s a cr o ss -
H a l o N - Su l f i n y l A l d i m i n e s ( P r o ce d u r e A )  
In a flame-dried flask was made a solution of (RS)-19a (5 mmol) in dry CH2Cl2 
(20 mL) under nitrogen atmosphere. The stirred solution was cooled to 97 °C (R 
= Ph) or 78 °C (R Ph) before 1.1 equivalents of the Grignard reagent (1-2 M 













reaction was prolonged at this temperature for 4-5 hours. Then, the reaction 
mixture was quenched by the addition of NH4Claq (5 mL) and diluted with satu-
rated aqueous KHCO3 (20 mL) and EtOAc (20 mL) at room temperature. The 
aqueous layer was extracted with EtOAc (2 x 20 mL). The combined organic lay-
ers were dried over MgSO4 (containing a trace of K2CO3), filtered and concen-
trated. The sulfinamides 34 were purified by flash chromatography. 
To the stirred solution (5 mmol) of 34 in 1:1-mixture H2O/THF (20 mL) was 
added 3 equivalents of KOH (0.84 g). The mixture was warmed to 50 °C and al-
lowed to stir for 24 h. When complete, the reaction mixture was cooled to 0 °C. 
Diethyl ether (10 mL) was added and the organic layer was separated. The 
aqueous layer was extracted with Et2O (2 x 10 mL). The combined organic layers 
were dried over MgSO4 (containing a trace of K2CO3), filtered and concentrated. 
The compounds were purified by flash chromatography.  
( RS,R) - 1 - ( tert-Butylsulfinyl)- 3 -ethyl-2,2-dimethylaziridine [(RS,R) -35m]  
Petroleum ether/EtOAc (80/20) Rf 0.20. Colourless viscous oil, 
76%. [ ] D -89 (c 0.6, MeOH). IR (neat, cm-1) max: 1081, 1111, 
1361, 1376, 1460, 2964. MS m/z (%): 204.2 (100, [M+H]+). 1H 
NMR (300 MHz, CDCl3): 0.99 (3H, t, J 7.4 Hz, CH3, CHEt), 1.24 
(9H, s, tBu), 1.26 and 1.59 (6H, 2*s, CMe2), 1.43 (1H, dq, J 7.9 
Hz, 7.4 Hz, Ha, CH2, CHEt), 1.62 (1H, qd, J 7.4 Hz, 5.8 Hz, Ha, CH2, CHEt), 2.25 
(1H, dd, J 7.9 Hz, 5.8 Hz, CHEt). 13C NMR (75 MHz, CDCl3): 11.3 (CH3, Et), 21.6 
and 22.3 (CMe2), 22.0 (CH2, Et), 22.7 (CH3, tBu), 47.5 (CMe2), 49.8 (CHN), 55.9 
(Cq, tBu).   
( RS,R) - 1 - ( tert-Butylsulfinyl)- 3 -phenyl-2,2-dimethylaziridine [(RS,R) -35i] 
Petroleum ether/EtOAc (87/13) Rf 0.17. Colourless crystals (mp 
94.8-95.2 °C), 73%. [ ] D -135 (c 0.1, MeOH). IR (KBr, cm-1) 
max: 1070, 1363, 1456, 1496, 1595, 2870, 3061. MS m/z (%): 
252.2 (100, [M+H]+). 1H NMR (300 MHz, CDCl3): 1.08 and 1.76 
(6H, 2*s, CMe2), 1.28 (9H, s, tBu), 3.45 (1H, s, CHPh), 7.24-7.61 
(5H, m, Ph). 13C NMR (75 MHz, CDCl3): 21.1 and 21.7 (CMe2), 
22.6 (CH3, tBu), 49.9 (CMe2), 50.7 (CHPh), 56.6 (Cq, tBu), 127.4 (Cp, Ph), 
127.52 (Com, Ph), 128.2 (Com, Ph), 135.6(Cq, Ph). ESI-HRMS: calcd. for 












( RS,R) - 1 - ( tert-Butylsulfinyl)-2,2-dimethyl- 3 -vinylaziridine [(RS,R) -35n]  
Petroleum ether/EtOAc (85/15) Rf 0.15. Yellow viscous oil, 69%. 
[ ] D -35 (c 0.1, MeOH). IR (KBr, cm-1) max: 1112, 1362, 1456, 
1476, 1639, 2962, 3086. MS m/z (%): 202.2 (100, [M+H]+). 1H 
NMR (300 MHz, CDCl3): 1.24 (9H, s, tBu), 1.27 and 1.63 (6H, 2*s, 
CMe2), 2.78 (1H, d, J 7.4 Hz, CHN), 5.28-5.45 (2H, ddd, J 17.3 Hz, 
10.2 Hz, 1.7 Hz, -CH=CH2), 5.58-5.72 (1H, ddd, J 17.3 Hz, 10.2 Hz, 7.4 Hz, -
CH=CH2). 13C NMR (75 MHz, CDCl3): 21.5 and 21.9 (CMe2), 22.4 (CH3, tBu), 
47.9 (CMe2), 50.9 (CHN), 56.4 (Cq, tBu), 119.8 (-CH=CH2), 133.2 (-CH=CH2).   
( RS,R) - 3 - Allyl- 1 - ( tert-butylsulfinyl)-2,2-dimethylaziridine [(RS,R) - 35o]  
Petroleum ether/EtOAc (87/13) Rf 0.18. Colourless viscous oil, 
57%. [ ] D -163 (c 0.1, MeOH). IR (neat, cm-1) max: 1079, 1361, 
1460, 1642, 2957, 3080. MS m/z (%): 216.2 (100, [M+H]+). 1H 
NMR (300 MHz, CDCl3): 1.20 (9H, s, tBu), 1.21 and 1.42 (6H, 2*s, 
CMe2), 2.04-2.52 (2H, m, -CH2CH=CH2), 2.56 (1H, dd, J 9.1 Hz, 
4.7 Hz, CHN), 5.05-5.15 (2H, m, -CH=CH2), 5.78-5.91 (1H, m, -CH=CH2). 13C 
NMR (75 MHz, CDCl3): 20.8 and 20.9 (CMe2), 22.6 (CH3, tBu), 33.1 (-
CH2CH=CH2), 40.0 (CHN), 43.0 (CMe2), 55.9 (Cq, tBu), 116.6 (-CH=CH2), 134.5 
(-CH=CH2).   
( RS,S) - 3 - Allyl- 1 - ( tert-butylsulfinyl)-2,2-dimethylaziridine [(RS,S) - 35o]  
Petroleum ether/EtOAc (87/13) Rf 0.14. Colourless viscous oil, 
10%. [ ] D -88 (c 0.2, MeOH). IR (neat, cm-1) max: 1081, 1361, 
1459, 1641, 2959, 3078. MS m/z (%): 216.2 (100, [M+H]+). 1H 
NMR (300 MHz, CDCl3): 1.25 (9H, s, tBu), 1.28 and 1.61 (6H, 2*s, 
CMe2), 2.03-2.43 (3H, m, NCHCH2), 5.07-5.17 (2H, m, -CH=CH2), 
5.76-5.90 (1H, m, -CH=CH2). 13C NMR (75 MHz, CDCl3): 21.7 and 22.1 (CMe2), 
22.6 (CH3, tBu), 33.0 (-CH2CH=CH2), 43.0 (CHN), 47.2 (CMe2), 56.0 (Cq, tBu), 

















8 . 4 . 4 A d d i t i o n o f Gr i g n a r d r e a g e n t s a cr o ss -
H a l o N - Su l f i n y l A l d i m i n e s ( P r o ce d u r e B)  
In a flame-dried flask was prepared a solution of (RS)-19b,c (5 mmol) in dry 
CH2Cl2 (20 mL). The stirred solution was cooled to 97 °C before 1.1 equivalents 
of the Grignard reagent (1-2 M in THF) was added dropwise. The temperature 
was raised, first to 78 °C and then the reaction was prolonged at 40 °C for 6 
hours. Then, the reaction mixture was quenched by the addition of aq NH4Cl (5 
mL) and diluted with saturated aqueous KHCO3 (20 mL) and EtOAc (20 mL). The 
aqueous layer was extracted with EtOAc (2 x 20 mL) and concentrated. The lat-
ter mixture was dissolved in a 1:1-mixture H2O/THF (20 mL). Three equivalents 
of KOH (0.84 g) were added to the stirred solution. The mixture was warmed to 
50 °C and allowed to stir overnight. When complete, the reaction mixture was 
cooled. Diethyl ether (10 mL) was added and the organic layer was separated. 
The aqueous layer was extracted with Et2O (2 x 10 mL). The combined organic 
layers were dried over MgSO4 (containing a trace of K2CO3), filtered and concen-
trated. The compounds were purified by flash chromatography.  
( RS,R) - 1 - ( tert-Butylsulfinyl)-2,2,3- triethylaziridine [( RS,R) - 35p]  
Petroleum ether/EtOAc (85/15) Rf 0.22. Light yellow viscous oil, 
66%. [ ] D -105 (c 0.3, MeOH). IR (neat, cm-1) max: 1077, 1092, 
1361, 1459. MS m/z (%): 232.2 (100, [M+H]+). 1H NMR (300 
MHz, CDCl3): 0.97, 1.01 and 1.02 (9H, 3*t, J 7.4 Hz, CH3, Et), 1.22 
(9H, s, tBu), 1.13-2.16 (6H, m, CH2, Et), 2.19 (1H, dd, J 9.2 Hz, 
4.4 Hz, CHN). 13C NMR (75 MHz, CDCl3): 9.2, 11.4 and 11.5 (CH3, Et), 22.2 
(CH3, tBu), 21.3, 22.4 and 25.0 (CH2, Et), 52.1 (CHN), 53.8 (CEt2), 55.8 (Cq, 
tBu).   
( RS,R) - 1 - ( tert-Butylsulfinyl)-2,2-diethyl- 3 -phenylaziridine [( RS,R) -35q] 
Petroleum ether/EtOAc (85/15) Rf 0.18. Colourless crystals 
(86.9 0.3 °C), 57%. [ ] D -130 (c 0.3, MeOH). IR (KBr, cm-1) 
max: 1095, 1360, 1458, 1602, 2968, 3061. MS m/z (%): 280.2 
(100, [M+H]+). 1H NMR (300 MHz, CDCl3): 0.88 and 1.15 (6H, 
2*t, J 7.4 Hz, CH3, CEt2), 1.24 (9H, s, tBu), 1.17-1.41 (2H, m, 
CH2a, CEt2), 1.90 (1H, dq, J 14.2 Hz, 7.4 Hz, Ha, CH2b, CEt2), 2.22 (1H, dq, J 14.2 












(75 MHz, CDCl3): 9.1 and 11.3 (CH3, CEt2), 21.8 (CH2b, CEt2), 22.2 (CH3, tBu), 
24.6 (CH2a, CEt2), 52.1 (CHN), 56.4 and 56.6 (CEt2 and tBu), 127.3 (Cp, Ph), 
127.5 (Com, Ph), 128.2 (Com, Ph), 135.3 (Cq, Ph).   
( RS,R) - 1 - ( tert-Butylsulfinyl)-2,2-diethyl- 3 -vinylaziridine [( RS,R) -35r]  
Petroleum ether/EtOAc (85/15) Rf 0.25. Colourless viscous oil, 
62%. [ ] D -68 (c 0.2, MeOH). IR (KBr, cm-1) max: 1096, 1363, 
1460, 1666, 2925, 3061. MS m/z (%): 230.2 (100, [M+H]+). 1H 
NMR (300 MHz, CDCl3): 0.98 and 1.08 (6H, 2*t, J 7.4 Hz, CH3, 
CEt2), 1.19 (9H, s, tBu), 1.51 (1H, dq, J 14.6 Hz, 7.4 Hz, Ha, CH2a, 
CEt2), 1.58 (1H, dq, J 14.6 Hz, 7.4 Hz, Hb, CH2a, CEt2), 1.75 (1H, dq, J 14.6 Hz, 
7.4 Hz, Ha, CH2b, CEt2), 2.03 (1H, dq, J 14.6 Hz, 7.4 Hz, Hb, CH2b, CEt2), 2.73 
(1H, d, J 8.0 Hz, CHN), 5.26-5.38 (2H, m, -CH=CH2), 5.66-5.78 (1H, m, -
CH=CH2). 13C NMR (75 MHz, CDCl3): 9.3 and 10.7 (CH3, CEt2), 22.2 (CH3, tBu), 
23.2 and 24.8 (CH2, CEt2), 51.9 (CHN), 54.8 (CEt2), 56.4 (Cq, tBu), 119.7 (-
CH=CH2), 133.2 (-CH=CH2).   
( RS,R) - 3 - Allyl- 1 - ( tert-butylsulfinyl)-2,2-diethylaziridine [(RS,R) -35s]  
Petroleum ether/EtOAc (85/15) Rf 0.23. Yellowish viscous oil, 
45%. [ ] D -114 (c 0.3, MeOH). IR (neat, cm-1) max: 1081, 1361, 
1460, 1642, 2970, 3079. MS m/z (%): 244.3 (100, [M+H]+). 1H 
NMR (300 MHz, CDCl3): 0.95 and 1.00 (6H, 2*t, J 7.4 Hz, CH3, 
CEt2), 1.21 (9H, s, tBu), 1.33 (1H, dq, J 14.2 Hz, 7.4 Hz, Ha, CH2b, 
CEt2), 1.47 (1H, dq, J 14.2 Hz, 7.4 Hz, Ha, CH2a, CEt2), 1.65 (1H, dq, J 14.2 Hz, 
7.4 Hz, Hb, CH2b, CEt2), 1.86 (1H, dq, J 14.2 Hz, 7.4 Hz, Hb, CH2a, CEt2), 2.06-
2.49 (2H, m, -CH2CH=CH2), 2.53 (1H, dd, J 9.1 Hz, 4.7 Hz, CHN), 5.05-5.16 
(2H, m, -CH=CH2), 5.74-5.87 (1H, m, -CH=CH2). 13C NMR (75 MHz, CDCl3): 9.0 
and 11.2 (CH3, CEt2), 22.5 (CH2b, CEt2), 22.6 (CH3, tBu), 23.8 (CH2a, CEt2), 32.8 
(-CH2CH=CH2), 41.4 (CHN), 51.0 (CEt2), 56.3 (Cq, tBu), 116.8 (-CH=CH2), 134.5 
(-CH=CH2).   
( RS,S) - 3 - Allyl- 1 - ( tert-butylsulfinyl)-2,2-diethylaziridine [(RS,S) -35s]  
Petroleum ether/EtOAc (85/15) Rf 0.20. Yellowish viscous oil, 
21%. [ ] D -107 (c 0.2, MeOH). IR (neat, cm-1) max: 1091, 1362, 

















NMR (300 MHz, CDCl3): 1.02 and 1.03 (6H, 2*t, J 7.4 Hz, CH3, CEt2), 1.23 (9H, 
s, tBu), 1.30 (1H, dq, J 14.2 Hz, 7.4 Hz, Ha, CH2a, CEt2), 1.60 (1H, dq, J 14.2 Hz, 
7.4 Hz, Ha, CH2b, CEt2), 1.70 (1H, dq, J 14.2 Hz, 7.4 Hz, Hb, CH2a, CEt2), 2.13 
(1H, dq, J 14.2 Hz, 7.4 Hz, Hb, CH2b, CEt2), 2.08-2.47 (2H, m, -CH2CH=CH2), 
2.31 (1H, dd, J 8.8 Hz, 4.4 Hz, CHN), 5.06-5.16 (2H, m, -CH=CH2), 5.71-5.84 
(1H, m, -CH=CH2). 13C NMR (75 MHz, CDCl3): 9.2 and 11.2 (CH3, CEt2), 22.2 
(CH3, tBu), 22.8 (CH2b, CEt2), 25.1 (CH2a, CEt2), 32.6 (-CH2CH=CH2), 49.6 (CHN), 
53.7 (CEt2), 55.9 (Cq, tBu), 117.1 (-CH=CH2), 134.3 (-CH=CH2).   
( RS,R) - 1 - ( tert-Butylsulfinyl)- 2 -ethyl- 1 -azaspiro[2.5]octane [( RS,R) - 
236a] Petroleum ether/EtOAc (87/13) Rf 0.23. Yellow viscous oil, 
63%. [ ] D -114 (c 0.1, MeOH). IR (neat, cm-1) max: 1082, 1361, 
1455, 2930. MS m/z (%): 244.2 (100, [M+H]+). 1H NMR (300 
MHz, CDCl3): 1.04 (3H, t, J 7.4 Hz, CH3, CHEt), 1.24 (9H, s, tBu), 
1.24-2.03 (12H, m, CH2, c-Hex and Et), 2.23 (1H, dd, J 7.7 Hz, 
5.5 Hz, CHN). 13C NMR (75 MHz, CDCl3): 11.9 (CH3, Et), 22.6 (CH3, tBu), 21.3 
and 25.3 ( , -CH2, c-Hex), 25.7 (CH2, Et), 26.1 ( -CH2, c-Hex), 31.9 and 33.5 
( , -CH2, c-Hex), 50.3 (CHN), 53.1 (CCl(CH2)5), 56.0 (Cq, tBu).   
( RS,R) - 1 - ( tert-Butylsulfinyl)- 2 -phenyl- 1 -azaspiro[2.5]octane [( RS,R) - 
236b] Petroleum ether/EtOAc (87/13) Rf 0.28. Colourless vis-
cous oil, 20%. [ ] D -138 (c 3.5, MeOH). IR (neat, cm-1) max: 
1095, 1361, 1453, 1497, 1595, 2930, 3061. MS m/z (%): 292.3 
(100, [M+H]+). 1H NMR (300 MHz, CDCl3): 0.83-2.22 (10H, m, 
c-Hex), 1.27 (9H, s, tBu), 3.47 (1H, s, CHN), 7.24-7.36 (5H, m, 
Ph). 13C NMR (75 MHz, CDCl3): 22.5 (CH3, tBu), 24.4, 25.4 and 26.3 ( , , -CH2, 
c-Hex), 30.8 and 32.7 ( , -CH2, c-Hex), 50.7 (CHN), 55.0 (CCl(CH2)5), 56.5 (Cq, 
tBu), 127.3 (Cp, Ph), 127.5 (Com, Ph), 128.1 (Com, Ph), 135.3 (Cq, Ph).   
( RS,R) - 1 - ( tert-Butylsulfinyl)- 2 -vinyl- 1 -azaspiro[2.5]octane [( RS,R) - 
236c] Petroleum ether/EtOAc (87/13) Rf 0.28. Yellow viscous oil, 
56%. [ ] D -64 (c 2.5, MeOH). IR (neat, cm-1) max: 1096, 1361, 
1452, 1637, 2930, 3085. MS m/z (%): 242.2 (100, [M+H]+). 1H 
NMR (300 MHz, CDCl3): 1.23 (9H, s, tBu), 1.24-2.08 (10H, m, c-
Hex), 2.76 (1H, d, J 7.7 Hz, CHN), 5.27-5.40 (2H, m, -CH=CH2), 
5.66-5.77 (1H, m, -CH=CH2). 13C NMR (75 MHz, CDCl3): 22.4 (CH3, tBu), 24.8, 
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25.5 and 25.9 ( , , -CH2, c-Hex), 32.0 and 32.7 ( , -CH2, c-Hex), 50.7 (CHN), 
53.1 (CCl(CH2)5), 56.4 (Cq, tBu), 119.7 (-CH2=CH), 133.0 (-CH2=CH).   
( RS,R) - 1 - ( tert-Butylsulfinyl)- 2 -allyl- 1 -azaspiro[2.5]octane [( RS,R) -236d]  
Petroleum ether/EtOAc (87/13) Rf 0.27. Colourless viscous oil, 
41%. [ ] D -24 (c 0.1, MeOH). IR (neat, cm-1) max: 1075, 1364, 
1452, 1480, 2932, 3080. MS m/z (%): 256.2 (100, [M+H]+). 1H 
NMR (300 MHz, CDCl3): 1.43 (9H, s, tBu), 1.35-2.51 (12H, m, 
CH2, c-Hex and -CH2CH=CH2), 2.82 (1H, dd, J 8.5 Hz, 5.0 Hz, 
CHN), 5.06-5.20 (2H, m, -CH=CH2), 5.79-5.92 (1H, m, -CH=CH2). 13C NMR (75 
MHz, CDCl3): 24.1 (CH3, tBu), 25.1, 25.4 and 26.0 ( , , -CH2, c-Hex), 31.2 and 
33.0 ( , -CH2, c-Hex), 32.2 (-CH2CH=CH2), 50.9 (CHN), 55.7 (Cq, tBu), 59.5 
(CCl(CH2)5), 117.5 (-CH2=CH), 133.8 (-CH2=CH).   
8 . 4 . 5 A d d i t i o n o f Bu Li a cr o ss - H a l o  
N - Su l f i n y l I m i n e 2 0 d ( P r o ce d u r e A )  
In a flame-dried flask was made a solution of (RS)-20d (5 mmol) in dry THF (20 
mL) under nitrogen atmosphere. The stirred solution was cooled to 78 °C after 
the addition (via syringe) of 1.1 equivalents of AlMe3 (1 M in toluene). Then, the 
solution was added dropwise to 1.1 equivalents of organolithium reagent (0.5 M 
in toluene) at -78 °C. The reaction mixture was stirred for 1 hour at this tem-
perature before quenching with aqueous NH4Cl (5 mL). The reaction mixture was 
diluted with saturated aqueous KHCO3 (20 mL) and EtOAc (20 mL) at room tem-
perature and the aqueous layer was extracted with EtOAc (3 x 20 mL). The com-
bined organic layers were dried over MgSO4, filtered and concentrated. The com-
pounds were purified by flash chromatography. Aziridine (rac)-39a was purified 
by flash chromatography.  
( rac) - 1 - ( tert-Butylsulfinyl)- 3 -butyl-2,3-dimethylaziridine (rac) -39a  
(Petroleum ether/EtOAc 4:1 Rf 0.25) Colourless oil, 32%. IR (neat, 
cm-1) max: 1077, 1362, 1458, 2958. MS m/z (%): 232.1 (100, 
[M+H]+), 176.1 (70, [M+2H-tBu]+), 158.1 (90, [M-tBu-O]+). 1H 
NMR (300 MHz, CDCl3): 0.91 (3H, t, J 6.9 Hz, CH3, Bu), 1.21 (3H, 
d, J 5.8 Hz, MeCH), 1.23 (9H, s, tBu), 1.25-1.71 (6H, m, CH2, Bu), 
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1.54 (3H, s, MeCBu), 2.29 (1H, q, J 5.8 Hz, CHMe). 13C NMR (75 MHz, CDCl3): 
13.7 (MeCH), 14.2 (CH3, Bu), 19.3 (MeCq), 22.5 (CH3, tBu), 23.1 (CH3CH2-), 
27.7 (CH3CH2CH2-), 35.0 (CMeCH2-), 46.0 (CHMe), 49.1 (CMeBu), 55.9 (Cq, tBu).   
8 . 4 . 6 A d d i t i o n o f O r g a n o l i t h i u m R e a g e n t s 
a cr o ss - H a l o N - Su l f i n y l I m i n e s ( P r o ce d u r e B)  
In a flame-dried flask was made a solution of -halo imines (RS)-19,20 (5 mmol) 
in dry toluene (20 mL) under nitrogen atmosphere. The stirred solution was 
cooled to 78 °C after the addition (via syringe) of 1.1 equivalents of AlMe3 (1 M 
in toluene). Then, the solution was added dropwise to 2.5 equivalents of freshly 
prepared organolithium reagent at -78 °C (2.5 equivalents of BuLi were added at 
-78 °C to 2.6 equivalents of phenylacetylene, dissolved in 10 mL of toluene). The 
reaction mixture was stirred for 4 hours at this temperature. Then the tempera-
ture was allowed to rise to ambient temperature while stirring for 12 hours. Next, 
the reaction mixture was quenched with aqueous NH4Cl (5 mL). The suspension 
was filtered over celite and diluted with saturated aqueous KHCO3 (20 mL) and 
EtOAc (20 mL). The aqueous layer was extracted with EtOAc (3 x 20 mL) and the 
combined organic layers were dried over MgSO4, filtered and concentrated. The 
compounds were purified by flash chromatography or via recrystallisation from 
Et2O at reduced temperature (the melting point of aziridine 35j was below room 
temperature).   
( rac) - 1 - ( tert-Butylsulfinyl)-2,2-dimethyl- 3 -phenylethynylaziridine (rac) - 
35j Recrystallisation from Et2O. Viscous oil, 24%. IR (KBr, cm-1) 
max: 1068, 1363, 1444, 1572, 2202, 2961, 3060. MS m/z (%): 
276.1 (100, [M+H]+), 220.0 (80, [M+2H-tBu]+). 1H NMR (300 
MHz, CDCl3): 1.28 (9H, s, tBu), 1.43 and 1.49 (6H, 2*s, CMe2), 
3.23 (1H, s, CHN), 7.30-7.45 (5H, m, Ph). 13C NMR (75 MHz, 
CDCl3): 19.4 (CH3a, CMe2), 22.8 (CH3, tBu), 23.1 (CH3b, CMe2), 30.5 (CHN), 45.2 
(CMe2), 57.6 (Cq, tBu), 82.4 and 85.83 (-C C-), 122.8 (Cq, Ph), 128.4 (Com, Ph), 









( rac) - 1 - ( tert-Butylsulfinyl)-2,2-diethyl- 3 -phenylethynylaziridine (rac- 
Major) -35l (Petroleum ether/EtOAc 95:5 Rf 0.04). Colourless 
oil, 27%. IR (neat, cm-1) max: 1084, 1363, 2021, 3080. MS 
m/z (%): 304.1 (80, [M+H]+), 248.1 (100, [M+2H-tBu]+). 1H 
NMR (300 MHz, CDCl3): 1.07 and 1.13 (6H, 2*t, J 7.4 Hz, CH3, 
CEt2), 1.31 (9H, s, tBu), 1.59-2.13 (4H, m, CH2, CEt2), 2.90 
(1H, s, CHN), 7.26-7.43 (5H, m, Ph). 13C NMR (75 MHz, CDCl3): 9.2 and 10.9 
(CH3, CEt2), 22.2 (CH3, tBu), 24.2 and 25.2 (CH2, CEt2), 39.8 (CHN), 55.2 (CEt2), 
57.1 (Cq, tBu), 83.7 and 84.7 (-C C-), 122.5 (Cq, Ph), 128.4 (Com, Ph), 128.6 
(Cp, Ph), 131.9 (Com, Ph).   
( rac) - 1 - ( tert-Butylsulfinyl)-2,2-diethyl- 3 -phenylethynylaziridine (rac- 
m inor) -35l (Petroleum ether/EtOAc 95:5 Rf 0.08). Colourless 
oil, 12%. IR (neat, cm-1) max: 1078, 1362, 1459, 2019. MS 
m/z (%): 304.1 (75, [M+H]+), 248.1 (100, [M+2H-tBu]+). 1H 
NMR (300 MHz, CDCl3): 1.02 and 1.08 (6H, 2*t, J 7.4 Hz, CH3, 
CEt2), 1.28 (9H, s, tBu), 1.65-1.90 (4H, m, CH2, CEt2), 3.21 
(1H, s, CHN), 7.28-7.45 (5H, m, Ph). 13C NMR (75 MHz, 
CDCl3): 9.0 and 10.8 (CH3, CEt2), 22.7 (CH3, tBu), 22.7 and 25.0 (CH2, CEt2), 
30.8 (CHN), 52.9 (CEt2), 57.7 (Cq, tBu), 82.2 and 85.8 (-C C-), 122.8 (Cq, Ph), 
128.3 (Com, Ph), 128.3 (Cp, Ph), 131.9 (Com, Ph).   
( rac) - trans- 1 - ( tert-Butylsulfinyl)-2,3-dimethyl- 2 -phenylethynylaziridine 
( rac) -39b White solid (mp 69.3±0.3 °C), 33%. IR (KBr, cm-1) 
max: 1078, 1107, 1362, 1492, 1598, 1969. MS m/z (%): 276.1 
(85, [M+H]+), 220.0 (100, [M+2H-tBu]+). 1H NMR (300 MHz, 
CDCl3): 1.24 (9H, s, tBu), 1.30 (3H, d, J 6.1 Hz, CHMe), 1.51 (3H, 
s, CMe), 3.02 (1H, q, J 6.1 Hz, NCH), 7.21-7.46 (5H, m, Ph). 13C 
NMR (75 MHz, CDCl3): 13.0 (CH3Cq), 19.6 (CH3CH), 22.6 (CH3, tBu), 36.5 (NCq), 
38.3 (NCH), 56.2 (Cq, tBu), 85.0 and 88.0 (-C C-), 122.4 (Cq, Ph), 128.2 (Com, 




















8.5. Synthesis of Chiral Tetrasubstituted Aziridines  
In a flame-dried flask was prepared a solution of -chloro imine (RS)-2 0 a- c (5 
mmol) in dry CH2Cl2 (20 mL) under nitrogen atmosphere. The stirred solution 
was cooled to 78 °C before 1.05 equivalents of AllylMgCl (1 M in THF) was 
added dropwise. The reaction mixture was stirred 5-6 hours at this temperature. 
Then the reaction was quenched by the addition of aq NH4Cl (5 mL) and diluted 
with saturated aqueous KHCO3 (20 mL) and EtOAc (20 mL) at room temperature. 
The aqueous layer was extracted with EtOAc (2 x 20 mL). The combined organic 
layers were dried over MgSO4/K2CO3 (10/1), filtered and concentrated to afford 
the 2-allyl-1- tert-butylsulfinyl-2-methylaziridine 39. N-tert-Butylsulfinyl aziridi-
nes b,c were purified by flash chromatography.   
( RS,R) - 1 - ( tert-Butylsulfinyl)- 2 -allyl-2,3,3- t r im ethylazir idine [ ( RS,R) -39a] 
Colourless oil, 95%. [ ] D -85 (c 1.5, MeOH). IR (neat, cm-1) max: 
1074, 1362, 1457, 1640, 2959, 3077. MS m/z (%): 230.2 (100, 
[M+H]+). 1H NMR (300 MHz, CDCl3): 1.21 (12H, s, CH3, tBu, 
Mea), 1.43 (6H, s, Meb,c), 2.48 (2H, d, J 5.2 Hz, -CH2CH=CH2), 
5.06-5.16 (2H, m, -CH=CH2), 5.83-5.95 (1H, m, -CH=CH2). 13C NMR (75 MHz, 
CDCl3 (45 °C)): 17.3, 21.4 and 21.5 (broad, MeCCMe2), 22.8 (CH3, tBu), 40.3 
(broad, -CH2CH=CH2), 48.9 and 50.6 (broad, MeCCMe2), 56.1 (Cq, tBu), 117.7 (-
CH=CH2), 134.5 (-CH=CH2).   
( RS,R) - 1 - ( tert-Butylsulfinyl)- 2 -allyl-3,3-diethyl- 2 -methylaziridine 
[ ( RS,R) - 3 9 b] Petroleum ether/EtOAc (75/25) + 2% Et3N, Rf 
0.20. Colourless highly viscous oil, 84%. [ ] D -73 (c 0.3, MeOH). 
IR (neat, cm-1) max: 1077, 1360, 1459, 1477, 1640, 2977, 
3078. MS m/z (%): 258.5 (100, [M+H]+). 1H NMR (300 MHz, 
CDCl3): 0.98 and 1.00 (6H, 2*t, J 7.4 Hz, CH3, CEt2), 1.24 (9H, 
s, tBu), 1.47 (1H, dq, J 14.3 Hz, 7.4 Hz Ha, CH2a, CEt2), 1.53 (1H, dq, J 14.3 Hz, 
7.4 Hz, Hb, CH2a, CEt2), 1.53 (3H, s, CCMe), 1.85-2.03 (2H, m, CH2b, CEt2), 2.30 
(1H, dd, J 14.5 Hz, 5.8 Hz, Ha, -CH2CH=CH2), 2.47 (1H, dd, J 14.5 Hz, 7.8 Hz, 
Hb, -CH2CH=CH2), 5.09-5.16 (2H, m, -CH=CH2), 5.66-5.80 (1H, m, -CH=CH2). 












and 22.9 (broad, CH2, CEt2), 23.0 (CH3, tBu), 41.9 (broad, -CH2CH=CH2), 53.6 
and 54.1 (broad, MeCCEt2), 56.7 (Cq, tBu), 118.0 (-CH=CH2), 133.9 (-CH=CH2).   
( RS,R) - 1 - ( tert-Butylsulfinyl)- 2 -allyl- 2 -methyl- 1 -azaspiro[2.5]octane 
[ ( RS,R) -39c] Petroleum ether/EtOAc (85/15) + 2% Et3N, Rf 
0.15. Colourless highly viscous oil, 65%. [ ] D -107 (c 0.3, 
MeOH). IR (neat, cm-1) max: 1077, 1360, 1455, 1476, 1640, 
2927, 3076. MS m/z (%): 270.0 (100, [M+H]+). 1H NMR (300 
MHz, CDCl3): 1.23 (9H, s, tBu), 1.48 (3H, s, CCMe), 1.40-1.84 
(10H, m, CH2, c-Hex), 2.41 (1H, dd, J 14.4Hz, 6.9Hz, Ha, -CH2CH=CH2), 2.50 
(1H, dd, J 14.4 Hz, 7.4 Hz, Hb, -CH2CH=CH2), 5.08-5.17 (2H, m, -CH=CH2), 
5.76-5.94 (1H, m, -CH=CH2). 13C NMR (75 MHz, CDCl3): 16.6 (broad, CCMe), 
22.7 (CH3, tBu), 25.5, 25.6, 25.9, 31.1 and 31.7 (CH2, c-Hex), 40.7 (broad, -
CH2CH=CH2), 52.0 and 53.3 (broad, MeCC(CH2)5), 56.3 (Cq, tBu), 117.1 (-
CH=CH2), 134.4 (-CH=CH2).   
9. Synthesis of Chiral Cyclopropylamines 
9.1. Synthesis of Chiral 1-Substituted Cyclo-
propylamines 
9 . 1 . 1 Sy n t h e s i s o f Ch i r a l 1 - Cy a n o cy cl o p r o p y l -
a m i n e s  
In a flame-dried flask was prepared a solution of -chloro ketimine (RS)-20a (5 
mmol) in dry THF (20 mL) under nitrogen atmosphere. The stirred solution was 
cooled to 78 °C. Then, 1.5 equivalents of Et2AlCN (1 M in THF) was mixed at 0 
°C with 1.0 equivalents of i-PrOH in THF (5 mL) for 15 minutes, before dropwise 
addition of (RS)-20a to the cooled solution. The reaction mixture was stirred for 
1 hour at this temperature before the temperature was allowed to rise to 20 °C. 
Then the reaction was stirred for 12 h at this temperature before quenching with 
aqueous NH4Cl (5 mL). The reaction mixture was diluted with saturated aqueous 
KHCO3 (20 mL) and EtOAc (20 mL) at room temperature and the aqueous layer 
was extracted with EtOAc (3 x 20 mL). The combined organic layers were dried, 









pound (rac)-257a in 70% yield. Then, the latter -chloro- -cyanosulfinamide 
(rac)-257a was dissolved in dry THF and cooled to -100 °C, before 1 equivalent 
of BuLi was added and the reaction mixture was allowed to stir for 1 h at -78 °C 
and 12 h at room temperature. Then, the reaction mixture was quenched with 
aqueous NH4Cl (5 mL), diluted with saturated aqueous KHCO3 (20 mL) and EtOAc 
(20 mL) and the aqueous layer was extracted with EtOAc (3 x 20 mL). The com-
bined organic layers were dried, filtered, concentrated and purified via flash 
chromatography.    
N - (1- Cyano-2,2 - dimethylcyclopropyl)- tert- butanesulfinamide ( rac) -259a  
(Petroleum ether/EtOAc 3:2 Rf 0.3) Yellow oil, 64%. IR (neat, cm-1) 
max: 1061, 1365, 1458, 1643, 2229, 2925. MS m/z (%): 215.3 
([M+H]+). 1H NMR (300 MHz, CDCl3): 1.13 (1H, d, J 5.8 Hz, Ha, 
CH2, c-Pr), 1.23 (9H, s, tBu), 1.25 and 1.37 (6H, 2*s, CMe2), 1.40 
(1H, d, J 5.8 Hz, Ha, CH2, c-Pr). 13C NMR (75MHz, CDCl3): 19.6 
(CH3a, CMe2), 22.5 (CH3, tBu), 23.16 (CH3b, CMe2), 28.5 (CMe2), 29.6 (CH2, c-
Pr), 34.1 (CNCN), 56.6 (Cq, tBu), 120.0 (CN).   
9 . 1 . 2 Sy n t h e s i s o f Ch i r a l 1 - A l k y l o r 1 - A r y l -
cy c l o p r o p y l a m i n e s  
In a flame-dried flask was prepared a solution of (RS)-2 0 (5 mmol) in dry CH2Cl2 
(20 mL) under nitrogen atmosphere. The stirred solution was cooled to 78 °C 
before 2.2 equivalents of the Grignard reagent (2 M in THF) was added dropwise. 
The reaction mixture was stirred for 2 hours at this temperature. The tempera-
ture was raised to 40 °C and then the reaction was prolonged at this tempera-
ture for 4 hours. Then the reaction was quenched by the addition of aq NH4Cl (5 
mL) and diluted with saturated aqueous KHCO3 (20 mL) and EtOAc (20 mL) at 
room temperature. The aqueous layer was extracted with EtOAc (3 x 20 mL). 
The combined organic layers were dried over MgSO4/K2CO3 (10/1), filtered and 
concentrated to afford the N-sulfinyl 1-alkyl or 1-arylcyclopropylamine 42. All 
compounds were purified by flash chromatography, apart from (RS,R)-42a , that 
was purified by recrystallisation from Et2O.  
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( RS,R) - N - (2,2-Dimethyl- 1 -phenylcyclopropyl)- tert-butanesulfinamide 
[ ( RS,R) -42a] Petroleum ether/EtOAc (80/20) + 2% Et3N, Rf 
0.10. Colourless crystals (mp 91.1 0.3 °C), 57%. [ ] D -115 (c 
0.35, MeOH). IR (KBr, cm-1) max: 1038, 1161, 1449, 1636, 
2953, 3067, 3160. MS m/z (%): 266.2 (100, [M+H]+). 1H NMR 
(300 MHz, CDCl3): 0.80 (3H, s, CMe2a), 0.93 (1H, d, J 5.2 Hz, Ha, 
CH2, c-Pr), 1.14 (9H, s, tBu), 1.19 (1H, dd, J 5.2 Hz, 4.1 Hz, Hb, CH2, c-Pr), 1.35 
(3H, s, CMe2b), 3.85 (1H, s (broad), NH), 7.17-7.32 (5H, m, Ph). 1 3C NMR (75 
MHz, CDCl3): 21.1 and 24.0 (CMe2), 22.6 (CH3, tBu), 24.7 (CMe2), 25.8 (CH2, c-
Pr), 49.1 (CPhNH), 55.9 (Cq, tBu), 127.3 (Cp, Ph), 128.6 (Com, Ph), 129.2 (Com, 
Ph), 141.5 (Cq, Ph).   
( RS,R) - N - (1-Ethyl-2,2-dimethylcyclopropyl)- tert-butanesulfinamide 
[ ( RS,R) -42b] Petroleum ether/EtOAc (80/20) + 2% Et3N, Rf 0.08. 
Colourless oil, 41%. [ ] D -62 (c 0.10, MeOH). IR (neat, cm-1) max: 
1072, 1365, 1462, 2960, 3295. MS m/z (%): 218.2 (100, 
[M+H]+). 1H NMR (300 MHz, CDCl3): 0.49 (1H, d, J 5.1 Hz, Ha, 
CH2, c-Pr), 0.62 (1H, d, J 5.1 Hz, Hb, CH2, c-Pr), 1.02 (3H, t, J 7.4 
Hz, CH3, Et), 1.13 and 1.14 (6H, 2*s, CMe2), 1.19 (9H, s, tBu), 1.43 (1H, dq, J 
14.6 Hz, 7.4 Hz, Ha, CH2, Et), 2.23 (1H, dq, J 14.6 Hz, 7.4 Hz, Hb, CH2, Et), 3.75 
(1H, s (broad), NH). 13C NMR (75 MHz, CDCl3): 10.3 (CH3, Et), 21.7 and 21.9 
(CMe2), 22.7 (CH3, tBu), 23.4 (CMe2), 26.9 (CH2, c-Pr), 28.6 (CH2, Et), 46.5 
(CEtNH), 55.8 (Cq, tBu).   
( RS,S) - N - (1-Ethyl-2,2-dimethylcyclopropyl)- tert-butanesulfinamide 
[ ( RS,S) -42b] Petroleum ether/EtOAc (80/20) + 2% Et3N, Rf 0.10. 
Colourless oil, 10%. [ ] D -100 (c 0.25, MeOH). IR (neat, cm-1) 
max: 1058, 1363, 1459, 2958, 3230. MS m/z (%): 218.2 (100, 
[M+H]+). 1H NMR (300 MHz, CDCl3): 0.36 (1H, d, J 5.0 Hz, Ha, 
CH2, c-Pr), 0.91 (1H, d, J 5.0 Hz, Hb, CH2, c-Pr), 1.01 (3H, t, J 7.4 
Hz, CH3, Et), 1.16 and 1.20 (6H, 2*s, CMe2), 1.22 (9H, s, tBu), 
1.56 (1H, dq, J 14.1 Hz, 7.4 Hz, Ha, CH2, Et), 1.71 (1H, dq, J 14.1 Hz, 7.4 Hz, Hb, 
CH2, Et), 3.69 (1H, s (broad), NH). 13C NMR (75 MHz, CDCl3): 10.3 (CH3, Et), 
21.8 and 22.6 (CMe2), 22.7 (CH3, tBu), 22.9 (CMe2), 26.7 (CH2, c-Pr), 29.2 (CH2, 














( RS,S) - N - (2,2-Dimethyl- 1 -vinylcyclopropyl)- tert-butanesulfinamide 
[ ( RS,S) -42c] Petroleum ether/EtOAc (80/20) + 2% Et3N, Rf 0.10. 
Colourless crystals (mp 106.6 0.2 °C), 62%. [ ] D -73 (c 0.4, 
MeOH). IR (KBr, cm-1) max: 1057, 1364, 1458, 1636, 2953, 3215. 
MS m/z (%): 216.2 (100, [M+H]+). 1H NMR (300 MHz, CDCl3): 
0.86 (1H, d, J 5.5 Hz, Ha, CH2, c-Pr), 0.97 (1H, dd, J 5.5 Hz, 1.1 
Hz, Hb, CH2, c-Pr), 1.08 and 1.20 (6H, 2*s, CMe2), 1.21 (9H, s, tBu), 3.82 (1H, s 
(broad), NH), 5.20 (1H, dd, J 10.7 Hz, 1.1 Hz, Ha, CH2, -CH=CH2), 5.35 (1H, dd, 
J 17.2 Hz, 1.1 Hz, Hb, CH2, -CH=CH2), 5.92 (1H, dd, J 17.2 Hz, 10.7 Hz, -
CH=CH2). 13C NMR (75 MHz, CDCl3): 21.2 and 22.0 (CMe2), 22.7 (CH3, tBu), 
25.9 (CMe2), 26.6 (CH2, c-Pr), 47.0 (CCHNH), 55.9 (Cq, tBu), 115.0 (-CH=CH2), 
139.0 (-CH=CH2).   
( RS,R) - N - (2,2-Diethyl- 1 -phenylcyclopropyl)- tert-butanesulfinamide 
[ ( RS,R) -42e] Petroleum ether/EtOAc (80/20) + 2% Et3N, Rf 
0.12. Pale white highly viscous oil, 38%. [ ] D -78 (c 0.3, 
MeOH). IR (neat, cm-1) max: 1054, 1363, 1458, 1496, 2963, 
3064, 3176. MS m/z (%): 294.2 (100, [M+H]+). 1H NMR (300 
MHz, CDCl3): 0.44 (1H, dq, J 14.5 Hz, 7.4 Hz, Ha, CH2, CEt2), 
0.79 (3H, t, J 7.4 Hz, CH3a, CEt2), 0.93 (1H, d, J 5.2 Hz, Ha, CH2, c-Pr), 1.03 (3H, 
t, J 7.4 Hz, CH3b, CEt2), 1.14 (9H, s, tBu), 1.19 (1H, d, J 5.2 Hz, Hb, CH2, c-Pr), 
1.37-1.90 (3H, m, Hbcd, CH2, CEt2), 3.78 (1H, s (broad), NH), 7.20-7.36 (5H, m, 
Ph). 13C NMR (75 MHz, CDCl3): 10.6 and 11.3 (CH3, CEt2), 22.6 (CH3, tBu), 22.8 
(CH2a, CEt2), 24.0 (CH2, c-Pr), 25.4 (CH2b, CEt2), 34.7 (CMe2), 50.4 (CPhNH), 
55.8 (Cq, tBu), 127.2 (Cp, Ph), 128.6 (Com, Ph), 129.1 (Com, Ph), 141.4 (Cq, Ph). 
ESI-HRMS: Calcd. for C17H27NOS-H+: 294.18861. Found 294.18873.  
( RS,R) - N - (2,2,3-Triethylcyclopropyl)- tert-butanesulfinamide [( RS,R) -42f]  
Petroleum ether/EtOAc (80/20) + 2% Et3N, Rf 0.11. Pale white 
highly viscous oil, 30%. [ ] D -58 (c 0.3, MeOH). IR (neat, cm-1) 
max: 1061, 1364, 1461, 2963, 3235. MS m/z (%): 246.3 (100, 
[M+H]+). 1H NMR (300 MHz, CDCl3): 0.45 (1H, d, J 5.2 Hz, Ha, 
CH2, c-Pr), 0.62 (1H, d, J 5.2 Hz, Hb, CH2, c-Pr), 0.86, 0.91 and 
1.01 (9H, 3*t, J 7.4 Hz, CH3, Et), 1.19 (9H, s, tBu), 1.06-2.27 (6H, m, CH2, Et), 













Et), 22.7 (CH3, tBu), 22.8 and 23.3 (CH2, CEt2), 25.1 (CH2, c-Pr), 28.1 (CH2, 
NHCEt), 33.8 (CEt2), 47.7 (CEtNH), 55.7 (Cq, tBu).   
( RS,S) - N - (2,2-Diethyl- 1 -vinylcyclopropyl)- tert-butanesulfinamide 
[ ( RS,S) -42g] Petroleum ether/EtOAc (80/20) + 2% Et3N, Rf 0.10. 
Yellow oil, 37%. [ ] D -79 (c 0.3, MeOH). IR (neat, cm-1) max: 
1062, 1363, 1459, 1635, 2965, 3207. MS m/z (%): 244.5 (100, 
[M+H]+). 1H NMR (300 MHz, CDCl3): 0.80 (1H, d, J 5.2 Hz, Ha, 
CH2, c-Pr), 0.85 and 0.91 (6H, 2*t, J 7.4 Hz, CH3, CEt2), 0.93 (1H, 
d, J 5.2 Hz, Hb, CH2, c-Pr), 1.20 (9H, s, tBu), 1.21-1.65 (4H, m, 
CH2, CEt2), 3.77 (1H, s (broad), NH), 5.19 (1H, dd, J 10.7 Hz, 1.1 Hz, Ha, -
CH=CH2), 5.31 (1H, dd, J 17.1 Hz, 1.1 Hz, Hb, -CH=CH2), 5.99 (1H, dd, J 17.1 
Hz, 10.7 Hz, -CH=CH2). 13C NMR (75 MHz, CDCl3): 10.7 and 10.9 (CH3, CEt2), 
22.7 (CH3, tBu), 22.8 and 23.7 (CH2, CEt2), 24.9 (CH2, c-Pr), 35.9 (CEt2), 48.0 
(CCHNH), 55.9 (Cq, tBu), 115.1 (-CH=CH2), 139.0 (-CH=CH2).   
( RS,R) - N - (1-Phenylspiro[2.5]oct- 1 -yl)- tert-butanesulfinamide [( RS,R) - 
42i] Petroleum ether/EtOAc (75/25) + 2% Et3N, Rf 0.17. White 
highly viscous oil, 31%. [ ] D -80 (c 0.1, MeOH). IR (neat, cm-1) 
max: 1055, 1362, 1447, 1604, 2925, 3061, 3161. MS m/z (%): 
306.3 (100, [M+H]+). 1H NMR (300 MHz, CDCl3): 0.72 (1H, d, J 
5.5 Hz, Ha, CH2, c-Pr), 0.88 (1H, d, J 5.5 Hz, Hb, CH2, c-Pr), 1.13 
(9H, s, tBu), 1.19-1.76 (10H, m, CH2, c-Hex), 3.83 (1H, s (broad), NH), 7.19-
7.34 (5H, m, Ph). 13C NMR (75 MHz, CDCl3): 22.6 (CH3, tBu), 24.1 (CH2, c-Pr), 
25.1, 26.0, 26.2, 31.1 and 33.5 (CH2, c-Hex), 31.9 (C(CH2)5), 49.6 (CPhNH), 
55.8 (Cq, tBu), 127.2 (Cp, Ph), 128.4 (Com, Ph), 129.1 (Com, Ph), 141.2 (Cq, Ph).   
( RS,R) - N - (1-Ethylspiro[2.5]oct- 1 -yl)- tert-butanesulfinamide [( RS,R) -42j] 
Petroleum ether/EtOAc (75/25) + 2% Et3N, Rf 0.15. Colourless vis-
cous oil, 23%. [ ] D -81 (c 0.1, MeOH). IR (neat, cm-1) max: 1059, 
1364, 1446, 2927, 3247. MS m/z (%): 258.2 (100, [M+H]+). 1H 
NMR (300 MHz, CDCl3): 0.44 (1H, d, J 5.1 Hz, Ha, CH2, c-Pr), 0.59 
(1H, d, J 5.1 Hz, Hb, CH2, c-Pr), 1.03 (3H, t, J 7.4 Hz, CH3, Et), 
1.19 (9H, s, tBu), 1.14-1.69 (11H, m, CH2, c-Hex and Ha, CH2, Et), 2.18 (1H, dq, 
14.7 Hz, 7.4 Hz, Hb, CH2, Et), 3.11 (1H, s (broad), NH). 13C NMR (75 MHz, 














25.9, 26.4, 31.6 and 31.6 (CH2, c-Hex), 31.0 (C(CH2)5), 46.9 (CEtNH), 55.7 (Cq, 
tBu).   
( RS,R) - ( - ) - N - (1-Allylspiro[2.5]oct- 1 -yl)- tert-butanesulfinamide [( RS,R) - 
42k] Petroleum ether/EtOAc (85/15) + 2% Et3N, Rf 0.11. Col-
ourless highly viscous oil, 2%. [ ] D -87 (c 0.4, MeOH). IR (neat, 
cm-1) max: 1061, 1364, 1447, 1638, 2927, 3076, 3293. MS m/z 
(%): 270.2 (100, [M+H]+). 1H NMR (300 MHz, CDCl3): 0.52 
(1H, d, J 5.2 Hz, Ha, CH2, c-Pr), 0.74 (1H, d, J 5.2 Hz, Hb, CH2, 
c-Pr), 1.18 (9H, s, tBu), 1.13-1.65 (10H, m, CH2, c-Hex), 2.16 (1H, m, Ha, -
CH2CH=CH2), 2.95 (1H, dd, J 14.9 Hz, J 8.8 Hz, Hb, -CH2CH=CH2), 3.92 (1H, s 
(broad), NH), 5.17-5.26 (2H, m, -CH=CH2), 5.76-5.90 (1H, m, -CH=CH2). 13C 
NMR (75 MHz, CDCl3): 22.9 (CH3, tBu), 23.8 (CH2, c-Pr), 25.7, 25.8, 26.4, 31.5 
and 32.1 (CH2, c-Hex), 31.1 (C(CH2)5), 39.8 (-CH2CH=CH2), 45.0 (CCH2NH), 
55.9 (Cq, tBu), 119.2 -CH=CH2), 134.8 (-CH=CH2).   
9 . 1 . 3 Se l f - Co n d e n sa t i o n R e a ct i o n D u r i n g t h e 
Sy n t h e s i s o f Ch i r a l 1 - Su b st i t u t e d Cy c l o p r o p y l -
a m i n e s  
In a flame-dried flask was made a solution of -chloro ketimine (RS)-2 0 a (5 
mmol) in dry CH2Cl2 (10 mL) under nitrogen atmosphere. The stirred solution 
was cooled to 60 °C before 2.2 equivalents of Grignard reagent (2 M in THF) 
were added dropwise. The reaction mixture was stirred for 2 hours at this tem-
perature. The temperature was raised to 40 °C and then the reaction was pro-
longed at this temperature for 4 hours. Then the reaction was quenched by the 
addition of aq NH4Cl (5 mL) and diluted with saturated aqueous KHCO3 (20 mL) 
and EtOAc (20 mL) at room temperature. The aqueous layer was extracted with 
EtOAc (3 x 20 mL). The combined organic layers were dried over MgSO4, filtered 
and concentrated to afford the selfcondensation product after flash chromatogra-







( RS,RS,S) - N- [ 1 - ({1- [ ( tert-butanesulfinyl)amino]-2,2-dimethylcyclo-
propyl}methyl)- 2 - chloro- 2 -methylpropylidene]- tert-butanesulfinamide 
( RS,RS,S) -42l Petroleum ether/EtOAc (80/20) + 2% Et3N, Rf 
0.25. Colourless oil, 14%. [ ] D -104 (c 0.2, MeOH). IR (neat, 
cm-1) max: 1069, 1363, 1457, 1614, 2927, 3190. MS m/z (%): 
411.2/413.3 (100, [M+H]+), 375.2 (15, [M-Cl]). 1H NMR (300 
MHz, CDCl3): 0.78 and 1.10 (1H, d, J 5.8 Hz, CH2, c-Pr), 1.14 
and 1.17 (6H, 2*s, CMe2, c-Pr), 1.18 and 1.32 (18H, 2*s, CH3, 
tBu), 1.86 and 2.01 (6H, 2*s, CClMe2), 3.13 and 3.49 (2H, d, J 14.4 Hz, 
CH2C=N), 6.18 (1H, s (broad), NH). C (75 MHz, CDCl3) 21.4 and 22.4 (CMe2), 
22.6 and 23.6 (CH3, tBu), 25.2 (CMe2), 28.3 (CH2, c-Pr), 30.1 and 30.4 (CClMe2), 
41.2 (CH2C=N), 42.0 (NHCCH2), 56.3 and 57.3 (Cq, tBu), 73.5 (CClMe2), 184.6 
(C=N).  
9 . 1 . 4 Sy n t h e s i s o f Ch i r a l 1 - U n su b st i t u t e d -
cy cl o p r o p y l a m i n e 4 2 m  
In a flame-dried flask was prepared a solution of -chloro ketimine (RS)-21b (5 
mmol) in dry CH2Cl2 (10 mL) under nitrogen atmosphere. The stirred solution 
was cooled to 78 °C before 1.1 equivalents of EtMgCl (2 M in THF) were added 
dropwise. The reaction mixture was stirred for 1 hour at this temperature before 
the temperature was slowly raised to room temperature over 2 hours time. Then 
the reaction was prolonged at this temperature for 12 hours, after which the re-
action was quenched by the addition of aq NH4Cl (5 mL) and diluted with satu-
rated aqueous KHCO3 (20 mL) and EtOAc (20 mL). The aqueous layer was ex-
tracted with EtOAc (3 x 20 mL). The combined organic layers were dried over 
MgSO4, filtered and concentrated to afford N-sulfinyl cyclopropylamine 42m  after 
flash chromatography (Petroleum ether/EtOAc 3:1 + 2% Et3N, Rf 0.10).  
( rac) - N- (2,2-dimethylcyclopropyl)- tert-butanesulfinamide (rac) -42m 
IR (NaCl, cm-1) max: 1042, 1366, 1456, 2959, 3234. MS m/z (%): 
190.0 (100, [M+H]+). 1H NMR (300 MHz, CDCl3): 0.39 (1H, dd, J 
5.4 Hz, 3.6 Hz Ha, CH2), 0.70 (1H, dd, J 5.4 Hz, 7.2 Hz, Hb, CH2), 
1.03 and 1.10 (6H, 2*s, CH3, CMe2), 1.20 (9H, s, tBu), 2.51 (1H, 

















NMR (75 MHz, CDCl3): 19.2 (CH3a, CMe2), 21.3 (CH2CMe2), 22.8 (CH3, tBu), 24.0 
(Cq, CMe2), 25.2 (CH3b, CMe2), 37.4 (CHNH), 55.3 (Cq, tBu).   
10. Synthesis of Chiral N -Sulfinyl Azetidine 265b  
In a flame-dried flask was prepared a solution of -chloro ketimine (RS)-21b (5 
mmol) in dry CH2Cl2 (10 mL) under nitrogen atmosphere. The stirred solution 
was cooled to 78 °C before 2 equivalents of Grignard reagent (1 M in THF) were 
added dropwise. The reaction mixture was stirred for 1 hour at this temperature 
before the temperature was raised to -40 °C and then the reaction was pro-
longed at this temperature for 6 hours. Then the reaction was quenched at this 
temperature by the addition of aq NH4Cl (5 mL) and diluted with saturated aque-
ous KHCO3 (20 mL) and EtOAc (20 mL). The aqueous layer was extracted with 
EtOAc (3 x 20 mL). The combined organic layers were dried over MgSO4, filtered 
and concentrated to afford the azetidine after flash chromatography (Petroleum 
ether/ EtOAc 4:1, Rf 0.17) and recrystallisation from diethyl ether.  
( rac) - N- ( tert- Butylsulfinyl)-3,3-dimethyl- 2 -phenylazetidine (rac) -265b  
(Petroleum ether/ EtOAc 4:1, Rf 0.17) Colorless crystals (mp 
75.1 0.3 °C), 34%. IR (KBr, cm-1) max: 1001, 1029, 1062, 1366, 
1460, 1491, 2871, 2957. MS m/z (%): 266.2 (100, [M+H]+), 
210.2 (10, [M+2H-tBu]+). 1H NMR (300 MHz, CDCl3): 0.72 (3H, 
s, CH3a), 0.99 (9H, s, tBu), 1.34 (3H, s, CH3b), 3.68 (1H, d, J 8.3 
Hz, HCH), 3.76 (1H, d, J 8.3 Hz, HCH), 5.08 (1H, s, CHPh), 7.24-7.36 (5H, m, 
C6H5). 13C NMR (75 MHz, CDCl3): 23.2 (CH3, tBu), 23.9 and 27.3 (CH3, CMe2), 
37.5 (CqMe2), 56.2 (Cq, tBu), 64.1 (CH2N), 67.0 (NCH), 127.4 (Cp, Ph), 127.8 
(Com, Ph), 128.2 (Com, Ph), 139.5 (Cq, Ph).   
( rac) - N- ( tert- Butylsulfinyl)-3,3-dimethyl- 2 - phenylazet idine ( rac) -265b* 
(Petroleum ether/ EtOAc 4:1, Rf 0.13) Colorless crystals (mp 
108.1 0.2 °C), 30%. IR (KBr, cm-1) max: 763, 1070, 1363, 1462, 
1497, 2869, 2957. MS m/z (%): 266.2 (100, [M+H]+), 210.2 
(15, [M+2H-tBu]+). 1H NMR (300 MHz, CDCl3): 0.85 (3H, s, 
CH3a), 1.26 (9H, s, tBu), 1.26 (3H, s, CH3b), 2.91 (1H, d, J 7.3 Hz, 
HCH), 4.08 (1H, d, J 7.3 Hz, HCH), 4.85 (1H, s, CHPh), 7.25-7.38 (5H, m, C6H5). 
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13C NMR (75 MHz, CDCl3): 23.7 (CH3, tBu), 23.4 and 26.6 (CH3, CMe2), 38.3 
(CqMe2), 53.4 (CH2N), 57.0 (Cq, tBu), 73.1 (NCH), 126.6 (Com, Ph), 127.4 (Cp, 
Ph), 128.2 (Com, Ph), 138.5 (Cq, Ph).   
11. Synthesis of Chiral N -Sulfinyl 3-Pyrroline 253a  
In a flame-dried flask was made a 0.5 M solution of (RS)-20e (5 mmol) in dry 
CH2Cl2 under nitrogen atmosphere. The stirred solution was cooled to 78 °C be-
fore 2.0 equivalents of VinylMgBr (1 M in THF) were added dropwise. The reac-
tion was stirred for 2 hours at -78 °C before prolongation at -40 °C for 4 hours. 
Then, the reaction mixture was quenched at this temperature by the addition of 
NH4Claq (<5 mL) and immediately extracted with CH2Cl2 (20 mL). The organic 
layer was dried over MgSO4 (containing a trace of K2CO3), filtered and concen-
trated. The compounds were purified by recrystallisation from Et2O/EtOAc (10:1).  
N- ( tert-Butylsulfinyl)- 3 -Phenyl-2, 5 -dihydropyrrole ( rac) -253a  
Colourless crystals (mp 55.4±0.3 °C), 88%. IR (NaCl, cm-1) 
max:1118, 1364, 1441, 1647, 2923. MS m/z (%): 250.2 (100, 
[M+H]+), 194.2 (85, [M+2H-tBu]+). 1H NMR (300 MHz, CDCl3): 
1.50 (9H, s, tBu), 3.29 (1H, dddd, J 15.7 Hz, 5.6 Hz, 4.3 Hz, 1.4 
Hz, Ha, CHCH2CH2), 3.85 (1H, dddd, J 15.7 Hz, 3.6 Hz, 3.3 Hz, 
1.7 Hz, Hb, CHCH2CH2), 4.30 (1H, ddd, J 18.3 Hz, 3.6 Hz, 1.4 Hz, 
Ha, CHCH2CH2), 4.45 (1H, ddd, J 18.3 Hz, 4.3 Hz, 1.7 Hz, Hb, CHCH2CH2), 6.01 
(1H, m, CHCH2CH2), 7.30-7.37 (5H, m, Ph). 13C NMR (75 MHz, CDCl3): 23.7 
(CH3, tBu), 40.0 (CHCH2CH2N), 46.8 (CHCH2CH2N), 58.0 (Cq, tBu), 113.8 (-
C=CHCH2), 125.8 (Com, Ph), 128.0 (Cp, Ph), 128.6 (Com, Ph), 140.0 and 140.7 (-
Cq=CH and Cq, Ph).  
12. Synthesis of Chiral N -Sulfinyl 2 -Phenylpyrrolidine 
267b  
In a flame-dried flask was prepared a 0.5 M solution of N-tert-butanesulfinyl -
chloro aldimine (RS)-2 1c (5 mmol) in dry CH2Cl2 under nitrogen atmosphere. The 
stirred solution was cooled to 78 °C before 1.1 equivalents of PhMgCl (1 M in 
O S N






THF) were added dropwise. The reaction was stirred for 4 hours at -78 °C before 
prolongation at room temperature for 16 hours. Then, the reaction mixture was 
quenched by the addition of NH4Claq (<5 mL) and immediately extracted with 
CH2Cl2 (20 mL). The organic layer was dried over MgSO4, filtered and concen-
trated. 1-tert-Butylsulfinyl-2-Phenylpyrrolidine (rac)-267b was purified by re-
crystallisation from Et2O/EtOAc (10:1).  
( rac) - 1 - ( tert-Butylsulfinyl)- 2 -phenylpyrrolidine (rac) -267b 
White solid (mp 71.1±0.3 °C), 70%. IR (KBr, cm-1) max: 1058, 
1364, 1457, 2954. MS m/z (%): 252.2 (100, [M+H]+), 196.2 
(60, [M+2H-tBu]+). 1H NMR (300 MHz, CDCl3): 1.05 (9H, s, tBu), 
1.70-2.35 (4H, m, CH2CH2CH), 3.52-3.71 (2H, m, NCH2), 5.08 
(1H, dd, J 2.5 Hz, 8.0 Hz, CHN), 7.18-7.34 (5H, m, Ph). 13C NMR (75 MHz, 
CDCl3): 23.1 (CH3, tBu), 24.2 (CH2CH2N), 36.7 (CH2CH), 55.0 (Cq, tBu), 57.4 
(CHN), 57.5 (CH2N), 126.5 (Com, Ph), 126.6 (Cp, Ph), 128.4 (Com, Ph), 144.7 (Cq, 
Ph).   
13. Deprotection of the tert-Butanesulfinyl group 
13.1. Deprotection of -Halo Sulfinamides  
A solution (5 mmol) of sulfinamide (RS,R)-34 in dry 1,4-dioxane (20 mL) was 
made. The flask was placed in a water bath before the freshly prepared saturated 
dioxane.HCl was added dropwise. The mixture was allowed to stir for 5 minutes. 
When crystallization was complete the solvent was decanted. Then the reaction 
mixture was concentrated in vacuo. The collected crystals were washed with Et2O 
(5 mL) and dried in vacuo.   
( R) - 2 - Chloro- 2 -methyl- 3 - pentylammonium chloride [ ( R) -36a]  
White crystals (mp 72.4 0.2 °C), 97%. [ ] D +6 (c 0.02, MeOH). IR 
(KBr, cm-1) max: 1030, 1398, 1462, 1514, 2593, 2977, 3401. MS 
m/z (%): 136.1/138.1 (100, [M+H]+). 1H NMR (300 MHz, CD3OD): 
















1.63 and 1.73 (6H, 2*s, CClMe2), 3.30 (1H, m, CHEt). 13C NMR (75 MHz, 
CD3OD): 11.1 (CH3, Et), 23.5 (CH2, Et), 28.1 and 31.0 (CClMe2), 64.3 (CHNH), 
71.3 (CClMe2).   
( R) - 1 - (1- Chlorocyclohexyl)- 1 -propylammonium chloride [ ( R) -242a]  
White crystals (75 °C, decomposition), 98%. [ ] D +8° (c 0.3, 
MeOH). IR (KBr, cm-1) max: 1029, 1452, 1600, 2563, 2864, 2936. 
MS m/z (%): 176.2/178.2 (50, [M+H]+), 140.5 (100, [M-Cl]+). 1H 
NMR (300 MHz, CD3OD): 1.14 (3H, t, J 7.4 Hz, CH3, CHEt), 1.53-
2.11 (12H, m, CH2, c-Hex and Et), 2.92 (1H, dd, J 7.8 Hz, 6.3 Hz, CHNH3). 13C 
NMR (75 MHz, CD3OD): 11.3 (CH3, Et), 22.7, 22.7, 22.8, 35.9 and 37.9 (CH2, c-
Hex), 25.8 (CH2, Et), 64.2 (CHN), 76.6 (CCl(CH2)5).   
13.2. Deprotection of N-Sulfinyl Trisubstituted 
Aziridines  
A solution (5 mmol) of compound (RS,R)-35 in dry 1,4-dioxane (20 mL) was pre-
pared. The flask was placed in a water bath before the freshly prepared saturated 
dioxane.HCl was added dropwise. The mixture was allowed to stir for 5 minutes. 
When crystallization was complete the solvent was decanted. Then the reaction 
mixture was concentrated in vacuo. The collected crystals were washed with Et2O 
(5 mL) and dried in vacuo.   
( R) -2,2-Dimethyl- 3 -phenylaziridinium chloride [( R) -37d]  
White crystals (65 °C, decomposition), 92%. [ ] D +7° (c 0.1, 
MeOH). IR (KBr, cm-1) max: 1460, 1589, 2169, 2882, 2978. MS 
m/z (%): 148.5 (100, [M+H]+). 1H NMR (300 MHz, CD3OD): 1.35 
and 1.73 (6H, 2*s, CMe2), 4.34 (1H, s, CHN), 7.41-7.53 (5H, m, 
Ph). 13C NMR (75 MHz, CD3OD): 16.5 and 21.5 (CMe2), 49.1 
(CHN), 58.1 (CMe2), 127.4 (Com, Ph), 128.8 (Cp, Ph), 129.0 (Com, Ph), 129.9 (Cp, 
Ph).   
( R) -2,2,3-Triethylaziridinium chloride [( R) -37e]  
White crystals (88 °C, decomposition), 97%. [ ] D +7° (c 0.25, 








m/z (%): 128.5 (100, [M+H]+). 1H NMR (300 MHz, CD3OD): 1.02-1.16 (9H, m, 
CH3, Et), 1.61-1.94 (6H, m, CH2, Et), 2.95 (1H, dd, J 6.6 Hz, 6.6 Hz, CHN). 13C 
NMR (75 MHz, CD3OD): 7.9, 8.1 and 10.2 (CH3, Et), 18.1, 19.1 and 25.8 (CH2, 
Et), 49.8 (CHN), 54.0 (CEt2).   
( R) -2,2-Diethyl- 3 -phenylaziridinium chloride [( R) -37f]  
White crystals (mp 150.3 0.1 °C), 100%. [ ] D +5° (c 0.3, 
MeOH). IR (KBr, cm-1) max: 1461, 1569, 2079, 1602, 2782, 
2978. MS m/z (%): 176.5 (100, [M+H]+). 1H NMR (300 MHz, 
CD3OD): 1.00 and 1.19 (6H, 2*t, J 7.4 Hz, CH3, CEt2), 1.39 (1H, 
dq, J 14.5 Hz, 7.4 Hz, Ha, CH2a, CEt2), 1.64 (1H, dq, J 14.5 Hz, 7.4 Hz, Hb, CH2a, 
CEt2), 1.82 (1H, dq, J 14.9 Hz, 7.4 Hz, Ha, CH2b, CEt2), 2.05 (1H, dq, J 14.9 Hz, 
7.4 Hz, Hb, CH2b, CEt2), 4.37 (1H, s, CHN), 7.38-7.51 (5H, m, Ph). 13C NMR (75 
MHz, CD3OD): 7.6 and 8.1(CH3, CEt2), 20.5 and 25.3 (CH2, CEt2), 49.8 (CHN), 
54.6 (CEt2), 127.1 (Com, Ph), 128.8 (Cp, Ph), 128.9 (Com, Ph), 129.2 (Cq, Ph).   
( R) - 2 -Phenyl- 1 -azoniaspiro[2.5]octane chloride [( R) -241b]  
White crystals (70 °C, decomposition), 98%. [ ] D +5° (c 0.3, 
MeOH). IR (KBr, cm-1) max: 1029, 1452, 1600, 2563, 2864, 
2936. MS m/z (%): 188.2 (100, [M+H]+). 1H NMR (300 MHz, 
CD3OD): 1.47-2.16 (10H, m, CH2, c-Hex), 4.87 (1H, s, CHN), 
7.42-7.51 (5H, m, Ph). 13C NMR (75 MHz, CD3OD): 25.3, 25.5, 28.6, 31.2 and 
33.7 (CH2, c-Hex), 51.0 (CHN), 53.3 (C(CH2)5), 129.8 (Com, Ph), 130.1 (Com, Ph), 
130.2 (Cp, Ph), 130.5 (Cq, Ph).   
13.3. Deprotection of N-Sulfinyl Tetrasubstituted 
Aziridines  
A 0.5 M solution (5 mmol) of 2-allyl-3,3-dialkyl-2-methylaziridine (RS,R)-39 in 
dry diethyl ether (20 mL) was prepared. The flask was placed in a water bath 
before the dry, freshly prepared saturated dioxane.HCl was added dropwise. The 
mixture was allowed to stir for several minutes (15 min) after which the reaction 
mixture was filtered. The crystals were washed with Et2O (5 mL) and placed un-
der vacuo.  
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(2R) - 2 - Allyl-3,3-diethyl- 2 -methylaziridinium chloride [(R) -40a]  
White crystals (mp 136.9 0.5 °C), 84%. [ ] D +6.0 (c 0.2, 
MeOH). IR (KBr, cm-1) max: 1403, 1461, 1643, 2577, 2977, 
3118. MS m/z (%): 154.3 (100, [M+H]+). 1H NMR (300 MHz, 
CD3OD): 0.97 and 1.00 (6H, 2*t, J 7.4 Hz, CH3, CEt2), 1.31 (3H, 
s, CCMe), 1.40-1.84 (4H, m, CH2, CEt2), 2.30-2.48 (2H, m, -CH2CH=CH2), 5.10-
5.17 (2H, m, -CH=CH2), 5.76-5.90 (1H, m, -CH=CH2). 13C NMR (75 MHz, 
CD3OD): 10.0 and 10.1 (CH3, CEt2), 18.2 (CCMe), 23.3 and 24.0 (CH2, CEt2), 
39.8 (-CH2CH=CH2), 48.4 and 53.2 (MeCCEt2), 118.8 (-CH=CH2), 134.9 (-
CH=CH2).   
(2R) - 2 - Allyl- 2 -methyl- 1 -azoniaspiro[2.5]octane chloride [ ( R) -40b]  
White crystals (mp 144.4 0.3 °C), 86%. [ ] D +2.7 (c 0.2, 
MeOH). IR (KBr, cm-1) max: 937, 1445, 1644, 2088, 2574, 2932, 
3436. MS m/z (%): 166.0 (100, [M+H]+). 1H NMR (300 MHz, 
CD3OD): 1.53 (3H, s, CCMe), 1.42-1.95 (10H, m, c-Hex), 2.56 
(1H, dd, J 14.9 Hz, 6.9 Hz, Ha, -CH2CH=CH2), 2.64 (1H, dd, J 14.9 Hz, 6.6 Hz, 
Hb, -CH2CH=CH2), 5.24-5.31 (2H, m, -CH=CH2), 5.78-5.91 (1H, m, -CH=CH2). 
13C NMR (75 MHz, CD3OD): 15.8 (CCMe), 25.3, 25.4, 25.8, 29.1 and 29.4 (CH2, 
c-Hex), 37.1 (-CH2CH=CH2), 53.8 and 56.1 (MeCCEt2), 120.8 (-CH=CH2), 132.4 
(-CH=CH2).   
13.4. Deprotection of N-Sulfinyl 1-substituted Cyclo-
propylamines  
A 0.5 M solution (5 mmol) of compound (RS,R)-42 was made in dry diethyl ether 
(20 mL). The flask was placed in a water bath before the dry, freshly prepared 
saturated dioxane.HCl was added dropwise. The mixture was allowed to stir for 
several minutes (15 min) after which the reaction mixture was filtered. The crys-
tals were washed with Et2O (5 mL) and placed under vacuo.  
(1R) -2,2- Dimethyl- 1 -phenylcyclopropylammonium chloride [ ( R) -43a]  
White crystals (mp 216.7 0.3 °C), 93%. [ ] D +7.1 (c 0.3, MeOH). IR (KBr, cm-











NMR (300 MHz, CD3OD): 0.82 (3H, s, CH3a, CMe2), 1.18 (1H, d, 
J 6.6 Hz, Ha, CH2, c-Pr), 1.36 (1H, d, J 6.6 Hz, Hb, CH2, c-Pr), 
1.47 (3H, s, CH3b, CMe2), 7.37-7.50 (5H, m, Ph). 13C NMR (75 
MHz, CD3OD): 20.2 and 23.7 (CMe2), 22.8 (CMe2), 23.0 (CH2, c-
Pr), 46.0 (CPhNH), 130.3 (Com, Cp, Ph), 130.6 (Com, Ph), 136.7 
(Cq, Ph).   
(1R) - 1 - Ethyl-2,2- dimethylcyclopropylammonium chloride [ ( R) -43b]  
White crystals (carbonization when heated at >115 °C), 96%. 
[ ] D +5.9 (c 0.1, MeOH). IR (KBr, cm-1) max: 1183, 1465, 1520, 
2179, 2974, 3401. MS m/z (%): 114.1 (100, [M+H]+). 1H NMR 
(300 MHz, CD3OD): 0.62 (1H, d, J 6.3 Hz, Ha, CH2, c-Pr), 0.79 
(1H, d, J 6.3 Hz, Hb, CH2, c-Pr), 1.08 (3H, t, J 7.4 Hz, CH3, Et), 1.21 and 1.27 
(6H, 2*s, CMe2), 1.61 (1H, dq, J 15.6 Hz, 7.4 Hz, Ha, CH2, Et), 1.97 (1H, dq, J 
15.6 Hz, 7.4 Hz, Hb, CH2, Et). 13C NMR (75 MHz, CD3OD): 9.1 (CH3, Et), 19.6 
and 20.3 (CMe2), 20.1 (CMe2), 22.8 (CH2, c-Pr), 25.4 (CH2, Et), 42.3 (CEtNH).   
(1R) -2,2- Diethyl- 1 -phenylcyclopropylammonium chloride [ ( R) -43c]  
White crystals (carbonization when heated at > 110 °C), 91%. 
[ ] D +6.3 (c 0.2, MeOH). IR (KBr, cm-1) max: 1130, 1451, 
1528, 2664, 2969, 3369. MS m/z (%): 190.3 (100, [M+H]+). 
1H NMR (300 MHz, CD3OD): 0.80 (3H, t, J 7.4Hz, CH3a, CEt2), 
1.07 (1H, d, J 6.9 Hz, Ha, CH2, c-Pr), 1.14 (3H, t, J 7.4 Hz, 
CH3b, CEt2), 1.36 (1H, d, J 6.9 Hz, Hb, CH2, c-Pr), 1.64-1.86 (4H, m, CH2, CEt2), 
7.39-7.49 (5H, m, Ph). 13C NMR (75 MHz, CD3OD): 10.1 and 11.0 (CH3, CEt2), 
21.3 (CMe2), 23.0 (CH2, c-Pr), 26.0 and 32.9 (CH3, CEt2), 47.4 (CPhNH), 130.1 
(Cp, Ph), 130.2 (Com, Ph), 130.6 (Com, Ph), 136.4 (Cq, Ph).   
(1R) - 1 - Phenylspiro[2.5]octyl- 1 -ammonium chloride [(R) -43d]  
White crystals (carbonization when heated > 50 °C), 90%. [ ] D 
+5.7 (c 0.1, MeOH). IR (KBr, cm-1) max: 1195, 1449, 1534, 
2676, 1929, 3411. MS m/z (%): 202.2 (100, [M+H]+). 1H 
NMR (300 MHz, CD3OD): 0.62 (1H, d, J 6.6 Hz, Ha, CH2, c-Pr), 












c-Hex), 7.38-7.50 (5H, m, Ph). 13C NMR (75 MHz, CD3OD): 21.6 (CH2, c-Pr), 
21.3, 26.4, 26.8, 30.9 and 34.2 (CH2, c-Hex), 29.9 (C(CH2)5), 46.4 (CPhNH), 





Summary   
Despite the early understanding of the concept of chirality, chiral drugs have 
been developed and used as racemates throughout the twentieth century. How-
ever, with a growing capacity of stereoselective synthesis and improved resolu-
tion of enantiomeric pairs, different stereoisomers are currently used for different 
therapeutic applications. Today, the stereoselective synthesis of chiral organic 
compounds is of immense industrial interest. The recent trend in industry is to 
market the drugs in a single-enantiomeric form. A so called racemic switching , 
or the redevelopment of a known chiral drug into its single-enantiomeric form, is 
used to give new life to old drugs, and this for many considerations. The in-
creased interest in chiral drugs and chiral building blocks is translated in aca-
demic research, leading to a growing interest in stereoselective synthesis and, as 
a result, greatly improving the possibilities of these compounds in the synthetic 
and medicinal field.  
During the course of this research, the combination of an N-sulfinyl imine and a 
halogen atom incorporated in the structure, shows great potential for further 
elaboration toward syntheses of a variety of interesting heterocycles, among 
other compounds. The electron-withdrawing N-sulfinyl auxiliary activates the 
imino function for nucleophilic addition, allowing reactions to proceed at lower 
temperature. The sulfinyl group exerts a powerful stereodirecting effect, which 
results in the addition of hydrides and organometallic reagents to both steric and 
enolizable sulfinimines with high and predictable asymmetric induction. 
Special attention was made concerning the asymmetric synthesis of the starting 
material ii- ix for the latter methodologies, leading to unichiral end products. N-
tert-Butanesulfinyl -halo aldimines ii, -halo methylketimines iii and -halo 
arylketimines iv were synthesized with excellent yield (80-95%) via condensa-
tion of (RS)-tert-butanesulfinamide with halogenated aldehydes or ketones in tet-
rahydrofurane in the presence of Ti(OEt)4 without detectable epimerization at 
sulfur. This strategy was explored for the synthesis of a whole library of new 
mono-, di-, tri- and tetrahalogenated N-sulfinyl imines ii- ix . The synthesis of N-
tert-butanesulfinyl -halo aldimine ii (R = Me) was also achieved via halogena-




chlorosuccinimide (NCS) in CCl4 at 0 °C for 1 h, albeit in very low yield (<5%) 
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Scheme 114. Synthesis of Mono-, Di-, Tri- and Tetrahalogenated N-Sulfinyl Im-
ines.  
Different syntheses of new chiral aziridines were reported, compounds of great 
interest, and in addition, the newly formed chiral aziridines were desulfinylated in 
a very mild and easy way. Upon reduction of N-tert-butanesulfinyl -halo ketimi-
nes iii,iv with metal hydrides, it was demonstrated that chiral aziridines (RS,S)-
xi and (RS,R)-xi were formed in high yields (91-98% and 76-87%, respectively) 
with excellent, predictable diastereofacial control (98:2-99:1 dr and 78:22-91:9 
dr, respectively). Depending on the reagent used, both C-epimers of 1- tert-
butylsulfinylaziridines were formed separately in 82-92% and 57-70% yield, re-
spectively, after flash chromatography or recrystallisation. For one epimer the 
intermediate -halo N-sulfinamide (RS,S)-x was isolated in 91-99% yield, allow-
ing further elaboration toward a whole variety of building blocks. Further treat-
ment with base afforded chiral 1- tert-butylsulfinylaziridines xi in quantitative 
yields. Epimerization of the newly created carbon stereocenter in the sulfinamide 





(i.e. the sulfinyl group as versatile amine protecting group). Moreover, unlike 
other imine N-auxiliaries, the sulfinyl group was easily removed under compara-
tively mild conditions (stirring with dioxane.HCl in dioxane at room temperature 
for a few minutes). Thus, the latter compounds were further deprotected to the 
corresponding aziridinium salts xii from which the absolute configuration was 










































































Scheme 115. Synthesis of Unichiral Aziridines (RS,R)-xi or (RS,S)-xi via Hydride 
Reduction of Ketimines (RS)-iii,iv and Subsequent N-Sulfinyl Deprotection.  
In contrast to aliphatic imines, aliphatic sulfinimines are stable and not particu-
larly susceptible to deprotonation or selfcondensation. Moreover, a novel stereo-
selective synthesis of chiral 2-arylated and 2-alkylated aziridines (R)-xii,xv was 
developed, by the use of 1,2-addition reactions of organometallics to N-tert-
butanesulfinyl -halo aldimines (RS)-ii. The latter strategy complements the re-
duction of N-tert-butanesulfinyl -halo ketimines (RS)-iii,iv with metal hydrides. 
Whereas the reaction of N-tert-butanesulfinyl -halo aldimines (RS)-ii with or-
ganolithiums afforded the desired -chloro sulfinamides (RS,R)-x and N-sulfinyl 
aziridines (RS,R)-xi, albeit in low yields and stereoselectivities, the 1,2-addition 




Reaction of N-sulfinyl -chloro aldimines (RS)-ii with Grignard reagents afforded 
-chloro sulfinamides (RS,R)-x in high yields (R = Me; 69-99%) or in low yields 
[R = Et; R,R = (CH2)5; 8-53%] depending on the steric bulk of the substrate. 
The latter compounds were ring closed to the corresponding N-sulfinyl aziridines 
(RS,R)-xi,xiv in a high yielding one-pot reaction or after separate treatment with 
base. Chiral aziridines (R)-xii,xv were synthesized by subsequent deprotection of 
the N-protecting group (80-100%). Finally, the absolute configuration of the 











































































































[R'-R' = (CH2)5] 
Scheme 116. Synthesis of Unichiral Aziridines (RS,R)-xi and (RS,R)-xiv via 1,2-





In addition, the developed methodologies in which N-tert-butanesulfinyl -halo 
aldimines ii were converted into -substituted aziridines by 1,2-addition reaction 
with Grignard reagents, were also performed on N-tert-butanesulfinyl -halo 
ketimines iii. However, aziridines (RS,R)-xix,xxii were only formed 65-95% yield 
with 93:7-95:5 diastereoselectivity in the reaction of ketimine iii with allylmag-
nesium chloride. In all other cases, treatment of N-sulfinyl -chloro ketimines 
(RS)-iii with Grignard reagents afforded chiral N-(1-substituted cyclopropyl)-tert-
butanesulfinamides xvii,xxi in acceptable to good yields with good diastereose-
lectivity (Scheme 117). It was shown that 1,3-dehydrohalogenation of ketimine 
iii occurred, giving rise to a cyclopropylideneamine intermediate which under-
went addition of organomagnesium nucleophiles with high selectivity. This is the 
first report of a Favorskii-type rearrangement of Grignard reagents with N-
sulfinyl -halo imines specifically, and of -halo imines in general. 
Further deprotection to the N-unprotected cyclopropylamines xviii and the N-
unprotected aziridines xx was established and the absolute configuration was 


































































Scheme 117. Synthesis of Unichiral Aziridines (RS,R)-xix,xxii and N-(1-




An efficient strategy for the chiral synthesis of N-sulfinyl 2-alkyl-2-arylaziridines 
xix  was developed starting from N-tert-butanesulfinyl -chloro ketimines (RS)-iv. 
The latter 2-alkyl-2-arylaziridines xix were synthesized in excellent yields with 
85:15-95:5 diastereomeric ratio after addition of R MgX and in situ ring closure 
to the corresponding aziridines xix in all cases, except one. When vinylmagne-
sium bromide was allowed to react with ketimines iv did the reaction lead to 3-
phenyl-3-pyrroline (RS)-xxiii in high yield (88%). To the best of our knowledge, 
this is the first report of a ring expansion reaction in the field of N-sulfinyl imine 
chemistry.  
Upon treatment of -bromo ketimine (RS)-iv with Grignard reagents, debromina-
tion occurred, giving rise to chiral N-(1-arylethylidene)-tert-butanesulfinamide 
xxiv after aqueous workup (Scheme 118). It has to be pointed out that no con-
























































R'' = Et, i-PrR'' = Et, i-Pr,        
Allyl  
Scheme 118. Synthesis of Unichiral Aziridines (RS,R)-xix .  
The Et(i-PrO)AlCN-cyanide addition to sulfinimines was performed in high yield 
with excellent diastereoselectivity starting from N-tert-butanesulfinyl -chloro 
ketimine (rac)-iii (R,R = Me) in one case. -Chloro -cyano sulfinamide xxv was 
synthesized in high yield (70%) as a single pair of enantiomers. Subsequent 
treatment with base resulted in the formation of N-tert-butylsulfinyl -
cyanocyclopropylamine xxvi in 64% yield. This is an unprecedented reaction in 





butanesulfinyl -chloro aldimines (rac)-ii gave birth to mixtures of compounds, 
from which -chloro -cyano sulfinamide xxvii and N-sulfinyl 1-cyanoenamines 
xxviii, after spontaneous dehydrohalogenation of xxvii, were isolated in moder-











































Scheme 119. Reaction of N-Sulfinyl -Halo Imines ii,iii with Et(i-PrO)AlCN.  
To elaborate the sulfinyl group as a N-protective group sensu st r ictu, easy re-
movable after reaction by (mild) treatment with acids, the reaction of -halo im-
ines with alkoxides was studied next. Whereas N-sulfinyl -amino acetals xxix 
were formed in moderate yields over longer periods of time in the reaction of N-
tert-butanesulfinyl -chloro aldimines ii with a trace amount of NaOMe in metha-
nol, a large excess of reagent afforded the N-sulfinyl -amino acetals xxix as 
pure crystalline compounds at ambient temperature. Various N-sulfinyl -amino 
acetals xxix , a new class of compounds, were synthesized in excellent yield (96-


































In conclusion, different chiral heterocycles were synthesized in a very straight-
forward and enantioselective way allowing mild N-deprotection after 1,2-addition 
reaction. The value of the developed methodologies was proven by the synthesis 
of 25 new N-sulfinyl imines, 32 new sulfinamides, 34 new N-sulfinyl aziridines, 
12 new N-sulfinyl cyclopropylamines, 6 new N-sulfinyl -amino acetals, one new 
3-arylpyrroline and 12 new ammonium chloride salts. The fact that stereocon-
trolled reactions of N-sulfinyl -halo imines are already thoroughly understood 
and are very applicable, heightens the value of every synthetic pathway devel-
oped from these functionalized N-tert-butanesulfinyl imines.   
Next to the developed methodologies, other reactions in this domain still hold 
great potential and could lead to new straightforward syntheses of various inter-






Hoewel het concept van chiraliteit al langer bekend is, werden chirale 
geneesmiddelen in de 20ste eeuw nog steeds als racemische mengsels ontwikkeld 
en verkocht. Als gevolg van de verbeterde stereoselectieve synthesewegen, in 
combinatie met een verbeterde resolutie van enantiomere paren, worden 
verschillende stereoisomeren nu gebruikt voor therapeutische toepassingen. 
Hierdoor ontstaat een stijgende interesse vanuit de industrie voor de 
stereoselectieve synthese van chirale verbindingen. Dit heeft al tot een nieuwe 
trend geleid waarbij één enkel enantiomeer van een bestaand, chiraal 
medicament, dat vroeger als racemaat op de markt verkocht werd, nu opnieuw 
gelanceerd wordt als een nieuw product. Deze zogenoemde racemische switch 
biedt diverse voordelen om de verkoop van bestaande geneesmiddelen nieuw 
leven in te blazen. De verhoogde interesse vanuit de academische wereld in 
chirale verbindingen in het algemeen, en chirale bouwstenen in het bijzonder, 
leidt dan weer tot een vergrotend aanbod van de stereoselectieve 
synthesewegen. Aangezien de chirale verbindingen zo toegankelijker worden 
gemaakt, leidt dit verhoogde aanbod weer tot een stijgende groei van de vraag 
(en aanbod) op zich.   
In de loop van dit onderzoek werd aangetoond dat het inbouwen van een 
halogeenatoom in het skelet van een N-sulfinyl imine de toepasbaarheid van 
deze verbindingen in het domein van de heterocyclische verbindingen enorm 
verhoogt. De elektronenzuigende N-sulfinylgroep activeert de iminofunctie voor 
nucleofiele additie waardoor de reacties al bij verlaagde temperatuur 
plaatsgrijpen. Hierbij dient ook vermeld te worden dat de chirale sulfinylgroep 
een sterke en bepalende stereodirigerende rol speelt. Dat maakt dat tijdens de 
additiereactie van hydriden of organometaalreagentia met sterische en/of 
enoliseerbare iminen de reactie zeer stereoselectief verloopt waarbij de chirale 
inductie kan voorspeld worden worden. 
Tijdens dit onderzoek werd in het bijzonder de aandacht gegeven aan de 
asymmetrische synthese van -halogeen N-sulfinyl iminen ii- ix. Door toepassing 
van de ontwikkelde synthesestrategieën, werden vertrekkende van unichirale 




-halogeen aldiminen ii, -halogeen methylketiminen iii and -halogeen 
arylketiminen iv werden met uitstekend rendement bekomen (80-95%) na 
condensatie van (RS)-tert-butaansulfinamide met gehalogeneerde aldehyden of 
ketonen. Hierbij werd geen epimerisatie aan het zwavelatoom vastgesteld. Via 
deze condensatiereactie werd een hele reeks van mono-, di-, tri- en 
tetragehalogeneerde sulfiniminen ii- ix aangemaakt. Er werd ook geprobeerd om 
N-tert-butaansulfinyl -halogeen aldimine ii (R = Me) te synthetiseren door het 
niet-gefunctionaliseerde imine i te halogeneren met 1.05 equivalent NCS in CCl4 
bij 0 °C gedurende 1 h. Tijdens de halogeneringsreactie ging het merendeel van 
het startmateriaal verloren en werden de gehalogeneerde iminen ii in zeer laag 





















































i (80%) iii (87-95%) iv (88-90%)
v (49-86%)



































Schema 114. Synthese van mono-, di-, tri- en tetragehalogeneerde N-sulfinyl 
iminen.  
Verschillende synthesewegen voor de vorming van chirale aziridinen werden 
ontwikkeld. Deze interessante verbindingen konden N-ontschermd worden via 
een eenvoudige en zachte procedure. Door reductie van N-tert-butaansulfinyl -
gehalogeneerde ketiminen iii,iv met metaal hydriden werden chirale aziridinen 





76-87%) en met een goede en voorspelbare stereochemie (respectievelijk 98:2-
99:1 do en 78:22-91-9 do). Door een geschikte keuze van het reagens was het 
mogelijk om beide koolstof-epimeren afzonderlijk te synthetiseren in 82-91% en 
57-70% rendement na opzuivering door flashchromatografie of na 
omkristallisatie. De intermediaire -gehalogeneerde sulfinamiden x konden in 
een procedure afgezonderd worden met 91-98% rendement. Deze verbinding is 
eenvoudig om te zetten naar een hele reeks van bouwstenen. 1- tert-
Butylsulfinylaziridinen xi werden gesynthetiseerd in zeer hoog rendement na 
behandeling van sulfinamiden x met base. Hierbij werd geen epimerisatie 
vastgesteld. In tegenstelling tot andere stikstofbeschermende groepen is de 
sulfinylgroep eenvoudig te verwijderen. De gesynthetiseerde aziridinen xi werden 
quasi volledig omgezet naar de overeenkomstige aziridinium zouten xii, nadat de 
absolute configuratie was bepaald door het vergelijken van de optische rotatie 










































































Schema 115. Synthese van unichirale aziridinen (RS,R)-xi of (RS,S)-xi via 





In tegenstelling tot de alifatische iminen zijn de alifatische sulfiniminen zeer 
stabiel en niet erg onderhevig aan reactie met zichzelf. Door gebruik te maken 
van de 1,2-additiereactie van organometaalreagentia aan N-tert-butaansulfinyl  
-gehalogeneerde aldiminen (RS)-ii kunnen 2-gearyleerde en 2-gealkyleerde  
aziridinen (R)-xii,xv gevormd worden via een nieuwe stereoselectieve 
syntheseroute. Deze strategie is complementair aan de reductie die hierboven al 
vermeld werd. De 1,2-additiereactie van organolithium verbindingen aan 
sulfiniminen verliep in lager rendement ( 50%) met variabele 
diastereoselectiviteit (<70:30). Hoewel de diastereomere overmaat verhoogd 
werd tot 85:15 na toevoegen van AlMe3 aan het reactiemengsel, is de reactie van 
organolithium reagentia met sulfiniminen ii niet de beste keuze om sulfinamiden 
x en aziridinen xi te synthetiseren. De invloed van de temperatuur, de 
concentratie, het solvent, op het reactieverloop is immers te groot.  
De reactie van Grignard reagentia met sulfiniminen ii werd door weloverwogen 
keuze van de reactieomstandigheden gestuurd naar de selectieve synthese van 
-chloor sulfinamiden (RS,R)-x,xiii enerzijds, of aziridinen (RS,R)-xi,xiv 
anderzijds. -Chloor sulfinamiden (RS,R)-x werden geïsoleerd met hoog 
rendement (69-99%) voor R = Me. In alle andere gevallen werd dit intermediair 












































































































[R'-R' = (CH2)5]  
Schema 116. Synthese van unichirale aziridinen (RS,R)-xi en (RS,R)-xiv na 1,2-
additie reactie van Grignard reagentia aan aldiminen (RS)-ii.  
Daarom werden de overeenkomstige aziridinen (RS,R)-xi,xiv gevormd in een 
eenstapssynthese, of na behandeling van het intermediaire -chloor sulfinamide 
(RS,R)-x , met base. De overeenkomstige aziridiniumchloriden werden 
gesynthetiseerd door desulfinylering van de stikstof-beschermende groep (80-
100%). Tot slot werd de absolute configuratie van de aziridinen bepaald door X-
straaldiffractie analyse.  
De hierboven beschreven strategie werd vervolgens uitgetest op N-tert-butaan-
sulfinyl -gehalogeneerde ketiminen iii. Hierbij dient vermeld te worden dat 
aziridinen (RS,R)-xix,xxii gesynthetiseerd werden in hoog rendement, op 
voorwaarde dat de reactie werd uitgevoerd met allylmagnesiumchloride als 
nucleofiel. In alle andere gevallen werden chirale N-(1-gesubstitueerde 
cyclopropyl)-tert-butaansulfinamiden xvii,xxi gevormd in aanvaardbaar tot hoog 
rendement en met hoge diastereoselectiviteit (Schema 117). Het is aangetoond 
dat na een 1,3-dehydrohalogenering van ketimine iii een reactief 
cyclopropylideenamine intermediair gevormd werd. Dat intermediair werd 






































































Schema 117. Synthese van unichirale aziridinen (RS,R)-xix,xxii en N-(1-
gesubstitueerde cyclopropyl)-tert-butaansulfinamiden (RS,R)-xvii,xxi.  
Deze Favorskii-type omlegging met Grignard reagentia is nog nooit beschreven 
binnen het domein van de N-sulfinyl -gehalogeneerde iminen in het bijzonder, 
en de -gehalogeneerde iminen in het algemeen. De absolute configuratie werd 
bepaald door middel van X-straal-diffractieanalyse en de desulfinylering van de 
stikstof-beschermende groep werd geoptimaliseerd voor het N-(cyclopropyl)-
sulfinamide xvi en voor de N-sulfinyl aziridinen xviii.  
Er werd een efficiënte strategie voor de chirale synthese van N-sulfinyl 2-alkyl-2-
arylaziridinen xix uitgaande van -chloor ketiminen iv ontwikkeld. Door reactie 
van deze ketiminen iv met Grignard reagentia werden de overeenkomstige 
aziridinen xix gesynthetiseerd, na spontane ringsluiting van de intermediaire 
sulfinamiden. Echter, als vinylMgBr in reactie gebracht werd met -chloor 




























































R'' = Et, i-PrR'' = Et, i-Pr,        
Allyl  
Schema 118. Synthese van unichirale aziridinen (RS,R)-xix .  
Aanpassing van het substraat van -chloor ketimine iv naar -broom ketimine iv 
in de reactie met Grignard reagentia gaf aanleiding tot de dehalogenering van 
het uitgangsmateriaal. N-(1-Arylethylideen)-tert-butaansulfinamide xxiv werd 
geïsoleerd na waterige opwerking zonder de aanwezigheid van de 
corresponderende condensatieproducten.  
In een geïsoleerd geval is de reactie van N- tert-butaansulfinyl -chloor ketimine 
(rac)-iii (R,R = Me) met Et(i-PrO)AlCN uitgevoerd met goed resultaat. Het 
intermediaire -chloor- -cyaansulfinamide xxv werd geïsoleerd in 70% 
rendement als een enkel paar van enantiomeren. De daarop volgende 
behandeling van het sulfinamide met base resulteerde in de isolatie van N-tert-
butylsulfinyl -cyaancyclopropylamine xxvi met een rendement van 64%. Als 
deze nieuwe methodologie uitgebreid werd naar de N-tert-butaansulfinyl -chloor 
aldiminen ii werden mengsels van verbindingen gevormd. Daaruit werden zowel 
-chloor- -cyaansulfinamide xxvii als N-sulfinyl 1-cyaanenaminen xxviii, 














































Schema 119. Reactie van N-sulfinyl -halo iminen ii,iii met Et(i-PrO)AlCN.  
Om de voordelen van de sulfinylgroup als stikstofbeschermende groep sensu 
strictu te evalueren, waarbij deze zwavelverbinding eenvoudig te verwijderen is 
na de reactie, werd de reactiviteit van N-tert-butaansulfinyl -gehalogeneerde 
iminen ten opzichte van alkoxiden onderzocht. N-Sulfinyl -amino acetalen xxix 
werden in matig rendement gesynthetiseerd door reactie van N-tert-
butaansulfinyl -chloor aldiminen ii met katalytische hoeveelheden NaOMe in 
methanol bij kamertemperatuur over een langere periode. Echter, in 
aanwezigheid van een grote overmaat NaOMe in methanol werden de N-sulfinyl 
-amino acetalen xxix in hoog rendement gevormd (96-98%) als zuivere 






























Schema 120. Reactie van N-sulfinyl -gehalogeneerde iminen ii,iii met NaOMe.  
Er kan geconcludeerd worden dat in dit werk verschillende synthesen op punt 
gesteld zijn voor de enantioselectieve en constructieve synthese van chirale 
heterocyclische verbindingen. Hierbij was het mogelijk de sulfinylgroep te 





methoden wordt aangetoond door de synthese van 25 nieuwe sulfiniminen, 32 
nieuwe sulfinamiden, 34 nieuwe aziridinen, 12 nieuwe cyclopropylaminen, 6 
nieuwe -amino acetalen, een nieuwe 3-arylpyrroline en 12 nieuwe ammonium 
chloride zouten.   
Het feit dat de stereoselectieve reacties van N-sulfinyl -gehalogeneerde iminen 
al goed uitgewerkt zijn, maakt dat een degelijk inzicht geboden is om verdere 
toepassingen te kunnen ontwikkelen. Er dient vermeld te worden dat naast de 
ontwikkelde methoden, er nog een breed spectrum aan (on)gekende groei 
mogelijk is. Hierbij zullen de reeds geleverde inzichten een grote bijdrage leveren 
aan de verdere ontwikkelingen van N-sulfinyl -gehalogeneerde iminen tot 
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